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KETAMINE DERIVATIVES AND
COMPOSITIONS THEREOF

This application 1s a continuation of U.S. application Ser.
No. 16/838,633, filed on Apr. 2, 2020, now allowed, which
1s a division of U.S. application Ser. No. 16/502,562, filed on
Jul. 3, 2019, which 1ssued as U.S. Pat. No. 10,683,262,
which claims the benefit under 35 U.S.C. § 120 of PCT

International Application No. PCT/CN2019/070912 filed on
Jan. 8, 2019, which claims priority under 35 U.S.C. § 119(e)
to U.S. Provisional Application No. 62/615,948, filed on Jan.

10, 2018, each of which 1s incorporated by reference in 1ts
entirety.

FIELD

The present disclosure relates to ketamine derivatives and
pharmaceutical compositions thereof. When administered
orally the ketamine derivatives provide increased bioavail-
ability of ketamine in the systemic circulation. The ketamine
derivatives can be used to treat neurological diseases, psy-
chological diseases and pain.

BACKGROUND

Ketamine 1s a cyclohexanone derivative with analgesic
and anesthetic properties. Although 1ts mechanism of action
has been considered to be mainly a noncompetitive antago-
nism of the N-methyl-D-aspartic acid (NMDA) receptor
ketamine also targets other receptors, such as o-amino-3-
hydroxy-5-methyl-4-1soxazolepropionic  acid (AMPA)
receptors, and has additional acts as an agonist of the sigma
1 receptor. Ketamine 1s currently used for acute pain man-
agement, chronic pain management, for the treatment of
major depression, bipolar disorder and suicidal behavior,
and as an anti-inflammatory agent. The oral bioavailability
of ketamine 1s low.

SUMMARY

According to the present invention, compounds have the
structure of Formula (1):

(1)

‘/\
c1/ N O R! O
IL)J\O)\O)J\RZ

O

or a pharmaceutically acceptable salt thereof, wherein,
R' is selected from hydrogen and C,_, alkyl; and

R~ is selected from a moiety of Formula (2), a moiety of
Formula (3), a moiety of Formula (4), and a moiety of
Formula (3):

(2)
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-continued

(3)
O

yﬁﬁ

H
N
% I\/ N
wherein,

R is selected from hydrogen, C, . alkyl, C,_,, alkylar-
ene, and substituted C-_, , alkylarene;

R* is selected from hydrogen and C,_, alkyl;

R> is selected from hydrogen, C, . alkyl, —C(—0)—
R'"™, and —C(—0)—O—R", wherein R" is
selected from C, _. alkyl, C,_. cycloalkyl, and —CF;

R® is selected from C, . alkyl and C,_ alkoxy:;

n 1s an integer from 0 to 3;

R” is selected from hydrogen, C,_ alkyl, —C(=0)—
R'", and —C(—0)—0—R"°, wherein,

R' is selected from C, . alkyl and C,_. cycloalkyl;
and
R' is selected from —NH,, —CF,, C, . alkyl, and
C;_¢ cycloalkyl; and
R” is selected from hydrogen and C,_, alkyl.
According to the present invention, compounds have the
structure of Formula (1):

(4)

()

(1)
AN

a”” N

AN

NG N

or a pharmaceutically acceptable salt thereof, wherein,
R' is selected from hydrogen and C, . alkyl; and
R* is selected from a moiety of Formula (6):

(6)

Y

(—— Rg)p

N

N

wherein,

p 1s an integer from 1 to 3; and
each R® is independently selected from hydrogen, C,

alkyl, and —NH.,,.
According to the present mnvention, pharmaceutical com-

positions comprise a compound according to the present

invention or a pharmaceutically acceptable salt thereof.
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According to the present invention, methods of providing
a therapeutically eflective amount of a ketamine in the
systemic circulation of a patent comprise administering to
the patient in need thereof, a compound according to the
present invention or a pharmaceutically acceptable salt
thereof.

According to the present invention, methods of treating a
disease 1n a patient, wherein the disease 1s known to be
treated by administering ketamine, comprise administering,
to a patient 1n need thereol, a pharmaceutically acceptable
amount ol a compound according to the present invention or
a pharmaceutically acceptable salt thereof.

According to the present invention, methods of treating a
disease 1n a patient, wherein the disease 1s known to be
treated by administering ketamine, comprise administering,
to a patient 1n need thereol, a pharmaceutically acceptable
amount ol a pharmaceutical composition according to the
present mvention.

DETAILED DESCRIPTION

A dash (*-") that 1s not between two letters or symbols 1s
used to indicate a point of attachment for a moiety or
substituent. For example, —CONH, 1s attached through the
carbon atom.

“Alky]” refers to a saturated or unsaturated, branched, or
straight-chain, monovalent hydrocarbon radical derived by
the removal of one hydrogen atom from a single carbon
atom ol a parent alkane, alkene, or alkyne. Examples of
alkyl groups include methyl; ethyls such as ethanyl, ethenyl,
and ethynyl; propyls such as propan-1-vyl, propan-2-vyl, prop-
1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-yl (allyl), prop-1-yn-
1-yl, prop-2-yn-1-yl, etc.; butyls such as butan-1-yl, butan-
2-yl, 2-methyl-propan-1-yl, 2-methyl-propan-2-yl, but-1-
en-1-yl, but-1-en-2-yl, 2-methyl-prop-1-en-1-yl, but-2-en-1-
yl, but-2-en-2-yl, buta-1,3-dien-1-yl, buta-1,3-dien-2-vyl,
but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the
like. The term ““alky]” includes groups having any degree or
level of saturation, 1.e., groups having exclusively carbon-
carbon single bonds, groups having one or more carbon-
carbon double bonds, groups having one or more carbon-
carbon triple bonds, and groups having combinations of
carbon-carbon single, double, and triple bonds. Where a
specific level of saturation 1s intended, the terms alkanyl,
alkenyl, and alkynyl are used. An alkyl group can be C, _,
alkyl, C,_< alkyl, C,_, alkyl, C,_; alkyl, ethyl or methyl.

“Alkoxy” refers to a radical —OR where R 1s alkyl as
defined herein. Examples of alkoxy groups include methoxy,
cthoxy, propoxy, and butoxy. An alkoxy group can be C,
alkoxy, C,_. alkoxy, C,_, alkoxy, C,_; alkoxy, ethoxy or
methoxy.

“Arylalkyl” refers to an acyclic alkyl radical in which one

of the hydrogen atoms bonded to a carbon atom 1is replaced
with an aryl group. Examples of arylalkyl groups include
benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, naphthylm-
cthyl, 2-naphthylethan-1-yl, 2-naphthylethen-1-yl, naph-
thobenzyl, and 2-naphthophenylethan-1-yl. Where specific
alkyl moieties are intended, the nomenclature arylalkanyl,
arylalkenyl, or arylalkynyl i1s used. An arylalkyl group can
be C._, arylalkyl, e.g., the alkanyl, alkenyl or alkynyl
moiety of the arylalkyl group 1s C, . and the aryl moiety 1s
Ce_i0- An arylalkyl group can be C,_, . arylalkyl, such as the
alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is
C,_ and the aryl moiety 1s C,_, ;. An arylalkyl group can be
C,_o arylalkyl, wherein the alkyl moiety 1s C, _; alkyl and the
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4

aryl moiety 1s phenyl. An arylalkyl group can be C-_,
arylalkyl, C,_,, arylalkyl, C,_,, arylalkyl, C,_,, arylalkyl,
C,_¢ arylalkyl, or benzyl.

“Bioavailability” refers to the rate and amount of a drug
that reaches the systemic circulation of a patient following
administration of the drug or prodrug thereof to the patient
and can be determined by evaluating, for example, the
plasma or blood concentration-versus-time profile for a
drug. Parameters useful in characterizing a plasma or blood
concentration-versus-time curve include the area under the
curve (AUC), the time to maximum concentration (T
and the maximum drug concentration (C_ ), where C_ 15
the maximum concentration of a drug 1n the plasma or blood
ol a patient following administration of a dose of the drug or
form of drug to the patient, and T, . 1s the time to the
maximum concentration (C_ ) of a drug 1n the plasma or
blood of a patient following administration of a dose of the
drug or form of drug to the patient.

“Oral bioavailability” (F %) refers to the fraction of an
oral administered drug that reaches systemic circulation.
Oral bioavailability 1s a product of fraction absorbed, frac-
tion escaping gut-wall elimination, and fraction escaping
hepatic elimination; and the factors that intfluence bioavail-
ability can be divided into physiological, physicochemical,
and biopharmaceutical factors.

“Compounds™ and moieties disclosed herein include any
specific compounds within the disclosed formula. Com-
pounds may be identified either by chemical structure and/or
by chemical name. Compounds are named using the Chem-
BioDraw Ultra 14.0.0.117 (CambridgeSoit, Cambridge,
Mass.) nomenclature program. When the chemical structure
and chemical name conflict, the chemaical structure 1s deter-
minative of the identity of the compound. The compounds
described herein may comprise one or more stereogenic
centers and/or double bonds and therefore may exist as
stereoisomers such as double-bond 1somers (i.e., geometric
1Isomers), enantiomers, diastercomers, or atropisomers.
Accordingly, any chemical structures within the scope of the
specification depicted, in whole or 1n part, with a relative
configuration encompass all possible enantiomers and ste-
reoisomers of the illustrated compounds including the ste-
reoisomerically pure form (e.g., geometrically pure, enan-
tiomerically pure, or diasterecomerically pure) and
enantiomeric and stereoisomeric mixtures. Enantiomeric
and stereoisomeric mixtures may be resolved into their
component enantiomers or stereoisomers using separation
techniques or chiral synthesis techniques well known to the
skilled 1n the art.

Compounds and moieties disclosed herein include optical
1somers of compounds and moieties, racemates thereot, and
other mixtures thereof. In such embodiments, the single
enantiomers or diastereomers may be obtained by asymmet-
ric synthesis or by resolution of the racemates. Resolution of
the racemates may be accomplished, for example, by con-
ventional methods such as crystallization 1n the presence of
a resolving agent, or chromatography, using, for example a
chiral high-pressure liquid chromatography (HPLC) column
with chiral stationary phases. In addition, compounds
include (7)- and (E)-forms (or cis- and trans-forms) of
compounds with double bonds either as single geometric
1somers or mixtures thereof.

Compounds and moieties may also exist in several tau-
tomeric forms including the enol form, the keto form, and
mixtures thereof. Accordingly, the chemical structures
depicted herein encompass all possible tautomeric forms of
the 1llustrated compounds. Compounds may exist in unsol-
vated forms as well as solvated forms, including hydrated

max)ﬂ
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forms. Certain compounds may exist in multiple crystalline,
co-crystalline, or amorphous forms. Compounds include
pharmaceutically acceptable salts thereof, or pharmaceuti-
cally acceptable solvates of the free acid form of any of the
foregoing, as well as crystalline forms of any of the fore-
go1ng

“Cycloalkyl” refers to a saturated or partially unsaturated
cyclic alkyl radical. A cycloalkyl group can be C,_. cycloal-
kyl, C,_; cycloalkyl, C._, cycloalkyl, cyclopropyl, cyclopen-
tyl, or cyclohexyl. A cycloalkyl can be selected from cyclo-
propyl, cyclobutyl, cyclopentyl, and cyclohexyl.

“Disease” refers to a disease, disorder, condition, or
symptom of any of the foregoing.

“Drug” as defined under 21 U.S.C. § 321(g)(1) means
“(A) articles recognized 1n the official United States Phar-
macopoela, oilicial Homeopathic Pharmacopoeia of the
United States, or official National Formulary, or any supple-
ment to any of them; and (B) articles intended for use 1n the
diagnosis, cure, mitigation, treatment, or prevention of dis-
case 1n man or other ammals; and (C) articles (other than
food) intended to aflect the structure or any function of the
body of man or other animals . . . ”

“Hydrates™ refers to incorporation of water mnto to the
crystal lattice of a compound described herein, in stoichio-
metric proportions, resulting in the formation of an adduct.
Methods of making hydrates include, but are not limited to,
storage 1n an atmosphere containing water vapor, dosage
torms that include water, or routine pharmaceutical process-
ing steps such as, for example, crystallization (i.e., from
water or mixed aqueous solvents), lyvophilization, wet granu-
lation, aqueous film coating, or spray drying. Hydrates may
also be formed, under certain circumstances, from crystal-
line solvates upon exposure to water vapor, or upon suspen-
sion of the anhydrous material 1n water. Hydrates may also
crystallize 1n more than one form resulting in hydrate
polymorphism.

“Metabolic intermediate” refers to a compound that 1s
formed 1n vivo by metabolism of a parent compound and
that further undergoes reaction in vivo to release an active
agent. Compounds of Formula (1) are acyloxyalkyl deriva-
tives of ketamine that are metabolized 1n vivo to provide the
corresponding metabolic intermediates. Metabolic interme-
diates undergo nucleophilic cyclization to release ketamine
and one or more reaction products. It 1s desirable that the
reaction products or metabolites thereof not be toxic.

“Patient” refers to a mammal, for example, a human.

“Pharmaceutically acceptable” refers to approved or
approvable by a regulatory agency of the Federal or a state
government or listed in the U.S. Pharmacopoeia or other
generally recognized pharmacopoeia for use 1n animals, and
more particularly in humans.

“Pharmaceutically acceptable salt” refers to a salt of a
compound, which possesses the desired pharmacological
activity of the parent compound. Such salts include acid
addition salts, formed with morganic acids and one or more
protonable functional groups such as primary, secondary, or
tertiary amines within the parent compound. Examples of
suitable 1norganic acids include hydrochloric acid, hydro-
bromic acid, sulfuric acid, nitric acid, phosphoric acid, and
the like. A salt can be formed with organic acids such as
acetic acid, propionic acid, hexanoic acid, cyclopentanepro-
pionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)
benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hy-
droxyethanesulfonic acid, benzenesulfonic acid, 4-chlo-
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robenzenesulfonic acid, 2-naphthalenesulionic acid, 4-tolu-
enesulfonic acid, camphorsulionic acid, 4-methylbicyclo
[2.2.2]-0oct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary buty-
lacetic acid, lauryl sulfuric acid, gluconic acid, glutamic
acid, hydroxynaphthoic acid, salicylic acid, stearic acid, and
muconic acid. A salt can be formed when one or more acidic
protons present 1n the parent compound are replaced by a
metal 10n, e.g., an alkali metal ion, an alkaline earth 10n, or
an aluminum 1on, or combinations thereof; or coordinates
with an organic base such as ethanolamine, diethanolamine,
triethanolamine, N-methylglucamine, and the like. A phar-
maceutically acceptable salt can be the hydrochloride salt. A
pharmaceutically acceptable salt can be the sodium salt. In
compounds having two or more 1onizable groups, a phar-
maceutically acceptable salt can comprise one or more
counterions, such as a bi-salt, for example, a dihydrochlo-
ride salt.

The term “pharmaceutically acceptable salt” includes
hydrates and other solvates, as well as salts 1n crystalline or
non-crystalline form. Where a particular pharmaceutically
acceptable salt 1s disclosed, 1t 1s understood that the particu-
lar salt (e.g., a hydrochlonde salt) 1s an example of a salt, and
that other salts may be formed using techniques known to
one of skill in the art. Additionally, one of skill in the art
would be able to convert the pharmaceutically acceptable
salt to the corresponding compound, iree base and/or free
acid, using techniques generally known 1n the art.

“Pharmaceutically acceptable vehicle” refers to a phar-
maceutically acceptable diluent, a pharmaceutically accept-
able adjuvant, a pharmaceutically acceptable excipient, a
pharmaceutically acceptable carrier, or a combination of any
of the foregoing with which a compound provided by the
present disclosure may be administered to a patient and
which does not destroy the pharmacological activity thereof
and which 1s non-toxic when administered in doses suilicient
to provide a therapeutically eflective amount of the com-
pound.

“Pharmaceutical composition” refers to a compound of
Formula (1) or a pharmaceutically acceptable salt thereof
and at least one pharmaceutically acceptable vehicle, with
which the compound of Formula (1) or a pharmaceutically
acceptable salt thereof 1s administered to a patient. Pharma-
ceutically acceptable vehicles are known in the art.

“Preventing” or “prevention” refers to a reduction 1n risk
of acquiring a disease or disorder (1.e., causing at least one
of the clinical symptoms of the disease not to develop 1n a
patient that may be exposed to or predisposed to the disease
but does not yet experience or display symptoms of the
disease). In some embodiments, “preventing” or “preven-
tion” refers to reducing symptoms of the disease by admin-
1stering a compound provided by the present disclosure 1n a
preventative fashion. The application of a therapeutic agent
for preventing or prevention of a disease of disorder is
known as ‘prophylaxis.” Compounds provided by the pres-
ent disclosure can provide superior prophylaxis because of
lower long-term side effects over long time periods.

“Prodrug™ refers to a derivative of a drug molecule that
requires a transformation within the body to release the
active drug. Prodrugs are frequently, although not necessar-
ily, pharmacologically inactive until converted to the parent
drug. Prodrugs may be obtained by bonding a promoiety
typically via a functional group, to a drug. For example,
referring to compounds of Formula (1), an acyloxyalkyl
promoiety bonded to the drug ketamine, via the amide group
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of ketamine. Compounds of Formula (1) are prodrugs of
ketamine that can be metabolized within a patient’s body to

release ketamine.

“Promoiety” refers to a group bonded to a drug, typically
to a functional group of the drug, via bond(s) that are
cleavable under specified conditions of use. The bond(s)
between the drug and promoiety may be cleaved by enzy-
matic or non-enzymatic means. Under the conditions of use,
for example following administration to a patient, the
bond(s) between the drug and promoiety may be cleaved to
release the parent drug. The cleavage of the promoiety may
proceed spontaneously, such as via a hydrolysis reaction, or
it may be catalyzed or induced by another agent, such as by
an enzyme, by light, by acid, or by a change of or exposure
to a physical or environmental parameter, such as a change
of temperature, pH, etc. The agent may be endogenous to the
conditions of use, such as an enzyme present in the systemic
circulation of a patient to which the prodrug 1s administered
or the acidic conditions of the stomach or the agent may be
supplied exogenously. Acyloxyalkyl dertvatives provided by
the present disclosure are prodrugs of ketamine. The acy-
loxyalkyl promoiety has the structure: For example, for a
compound of Formula (1), an acyloxy promoiety has the
structure:

where R' and R® are defined as for Formula (1). The
acyloxyalkyl promoiety 1s cleaved in vivo to release ket-
amine 1nto the systemic circulation.

“Solvate” refers to a molecular complex of a compound
with one or more solvent molecules 1n a stoichiometric or
non-stoichiometric amount. Such solvent molecules are
those commonly used 1n the pharmaceutical arts, which are
known to be innocuous to a patient, such as water or ethanol.
A molecular complex of a compound or moiety of a com-
pound and a solvent can be stabilized by non-covalent
intra-molecular forces such as, for example, electrostatic
forces, van der Waals forces, or hydrogen bonds. The term
“hydrate” refers to a solvate 1n which the one or more
solvent molecules 1s water. Methods of making solvates
include, for example, storage in an atmosphere containing a
solvent, dosage forms that include the solvent, or routine
pharmaceutical processing steps such as, for example, crys-
tallization (1.e., from solvent or mixed solvents) vapor
diffusion. Solvates may also be formed, under certain cir-
cumstances, from other crystalline solvates or hydrates upon
exposure to the solvent or upon suspension material 1n
solvent. Solvates may crystallize in more than one form
resulting 1n solvate polymorphism.

“Substituted” refers to a group in which one or more
hydrogen atoms are independently replaced with the same or
different substituent(s). Each substituent can be indepen-
dently selected from deuterio, halogen, —OH, —CN,
—CF,, —OCF;, =0, —NO,, C,_ alkoxy, C,_ alkyl,
—COOR, —NR,, and —CONR,; wherein each R can be
independently selected from hydrogen and C, _. alkyl. Each
substituent can be independently selected from deuterio,
halogen, —NH,, —OH, C, _; alkoxy, and C, _; alkyl, trifluo-
romethoxy, and trifluoromethyl. Each substituent can be
independently selected from deuterio, —OH, methyl, ethyl,
trifluoromethyl, methoxy, ethoxy, and trifluoromethoxy.
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Each substituent can be selected from deuterio, C,_; alkyl,
—0, C,_; alkyl, C,_; alkoxy, and phenyl. Each substituent
can be selected from deuterio, —OH, —NH,,, C, _; alkyl, and
C,_; alkoxy.

“Sustained release” refers to release of a compound from
a dosage form ol a pharmaceutical composition at a rate
cllective to achieve a therapeutic or prophylactic concen-
tration of the compound or active metabolite thereof, 1n the
systemic circulation of a patient over a prolonged period of
time relative to that achieved by administration of an 1imme-
diate release formulation of the same compound by the same
route of administration. In some embodiments, release of a
compound occurs over a time period of at least about 4
hours, such as at least about 8 hours, at least about 12 hours,
at least about 16 hours, at least about 20 hours, and 1n some
embodiments, at least about 24 hours.

“Treating” or “treatment” of a disease refers to arresting
or ameliorating a disease or at least one of the clinical
symptoms of a disease or disorder, reducing the risk of
acquiring a disease or at least one of the clinical symptoms
of a disease, reducing the development of a disease or at
least one of the clinical symptoms of the disease or reducing
the risk of developing a disease or at least one of the clinical
symptoms of a disease. “ITreating” or “treatment”™ also refers
to inhibiting the disease, either physically, (e.g., stabilization
of a discernible symptom), physiologically, (e.g., stabiliza-
tion of a physical parameter), or both, and to inhibiting at
least one physical parameter or manifestation that may or
may not be discernible to the patient. “Treating” or “treat-
ment” also refers to delaying the onset of the disease or
delaying the onset of at least one or more symptoms thereof
in a patient who may be exposed to or predisposed to a
disease or disorder even though that patient does not yet
experience or display symptoms of the disease.

“Therapeutically eflective amount”™ refers to the amount
of a compound that, when administered to a patient for
treating a disease, or at least one of the clinical symptoms of
a disease, 1s suflicient to affect such treatment of the disease
or symptom thereof. The “therapeutically effective amount™
may vary depending, for example, on the compound, the
disease and/or symptoms of the disease, severity of the
disease and/or symptoms of the disease or disorder, the age,
weight, and/or health of the patient to be treated, and the
judgment of the prescribing physician. An appropriate
amount 1n any given instance may be ascertained by those
skilled 1n the art or capable of determination by routine
experimentation.

“Therapeutically effective dose” refers to a dose that
provides ellective treatment of a disease or disorder in a
patient. A therapeutically effective dose may vary from
compound to compound, and from patient to patient, and
may depend upon factors such as the condition of the patient
and the route of delivery. A therapeutically eflective dose
may be determined 1n accordance with routine pharmaco-
logical procedures known to those skilled in the art.

“Vehicle” refers to a diluent, excipient or carrier with
which a compound 1s administered to a patient. A vehicle
can be a pharmaceutically acceptable vehicle. Pharmaceu-
tically acceptable vehicles are known in the art.

Reference 1s now made to certain compounds and meth-
ods. The disclosed embodiments are not intended to be
limiting of the claims. To the contrary, the claims are
intended to cover all alternatives, modifications, and equiva-
lents.

Ketamine 1s currently used for acute pain management,
chronic pain management, for the treatment of major depres-
sion, bipolar disorder and suicidal behavior, and as an
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anti-inflammatory agent. Ketamine has poor oral bioavail-
ability. Compounds provided by the present disclosure are
acyloxyalkyl prodrugs of ketamine. The ketamine acyloxy-
alkyl prodrugs exhibit enhanced oral bioavailability com-
pared to ketamine. In the ketamine prodrugs a promoiety 1s
bonded to the amide group. In vivo, the acyloxyalkyl 1s
cleaved to release ketamine in the systemic circulation.
Ketamine, 2-(2-chlorophenyl)-2-(methylamino)cyclohexan-
1-one, has the structure:

and both the (S)- and (R)-1somers are pharmacologically
active. Ketamine has an oral bioavailability 1n humans of
about 20% (% F). The ketamine prodrugs provided by the
present disclosure can be used with controlled release and
with sustained release oral dosage forms.

Compounds provided by the present disclosure are prod-
rugs ol ketamine. Following oral admimstration, the com-
pounds provide a therapeutically eflective amount of ket-

amine 1n the systemic circulation of a patient. Ketamine
derivatives provided by the present disclosure exhibit an oral
bioavailability (% F) of ketamine greater orally administered
ketamine and an improved pharmacokinetic profile.

Compounds provided by the present disclosure following
oral administration can provide a therapeutically eflective
amount of a metabolite of ketamine 1n the systemic circu-
lation of a patient. Metabolites of ketamine such as, for
example, (S)-norketamine, (R)-norketamine, (25,6S)-hy-
droxynorketamine, and (2R,6R)-hydroxynorketamine are
considered to be therapeutically effective for treating certain
diseases.

Ketamine derivatives provided by the present disclosure
can have the structure of Formula (1):

(1)

/

\

) N).ko)\o)‘k R?
\

O

or a pharmaceutically acceptable salt thereof, wherein,

R' can be selected from hydrogen and C,_, alkyl; and

R* can be selected from a moiety of Formula (2), a moiety
of Formula (3), a moiety of Formula (4), and a moiety

of Formula (5):

(2)
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-continued

(3)
O

?, "
)
=

(4)

()

NG
wherein,
R” can be selected from hydrogen, C, . alkyl, and C._,,
arylalkyl;

R* can be selected from hydrogen and C,_, alkyl;
R> can be selected from hydrogen, C, . alkyl,
—C(=0)—R"'", and —C(—=0)—0—R"°, wherein
R' can be selected from C, . alkyl and C,_ cycloal-
kyl;
R® can be selected from C,_ alkyl, C,_. alkoxy, and
—CFE;;
n can be an integer from 0 to 3;
R’ is selected from hydrogen, C, . alkyl, —C(—0)—
R'", and —C(—0)—0—R"°, wherein,
R'™ is selected from C, . alkyl and C,_. cycloalkyl;
and
R' is selected from —NH,, —CF,, C, . alkyl, and
C;_¢ cycloalkyl; and
R” is selected from hydrogen and C,_, alkyl.
In compounds of Formula (1), the carbon atom to which
R' is bonded is in the (S) configuration.
In compounds of Formula (1), the carbon atom to which
R' is bonded is in the (R) configuration.
In compounds of Formula (1), R' can be hydrogen.
In compounds of Formula (1), R' can be selected from
methyl, ethyl, n-propyl and 1so-propyl.
In compounds of Formula (1), R can be a moiety having
the structure of Formula (2).
In moieties of Formula (2), R® can be hydrogen.
In moieties of Formula (2), R® can be C,_. alkyl.
In moieties of Formula (2), R® can be selected from
methyl, ethyl, n-propyl, 1sopropyl, 1sobutyl and 2-methyl-
propyl.
In moieties of Formula (2), R® can be C._,, arylalkyl.
In moieties of Formula (2), R’ can be selected from
benzyl and phenethyl.
In moieties of Formula (2), the carbon atom to which R>
1s bonded 1s 1n the (S) configuration.
In moieties of Formula (2), the carbon atom to which R”
1s bonded 1s 1n the (R) configuration.
In moieties of Formula (2), R* can be hydrogen.
In moieties of Formula (2), R* can be C,_. alkyl.
In moieties of Formula (2), R* can be selected from
methyl, ethyl, n-propyl, and 1sopropyl.
In moieties of Formula (2), R> can be C,_, alkyl.
In moieties of Formula (2), R> can be selected from
methyl, ethyl, n-propyl, and 1sopropyl.
In moieties of Formula (2), R’ can be hydrogen.
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In moieties of Formula (2), R> can be —C(—0)—R"°,
and R'® can be selected from C, . alkyl, and C,_, cycloalkyl.

In moieties of Formula (2), R®> can be —C(=0)—R"'°,
R can be —CF,.

In moieties of Formula (2), R> can be —C(—=0)—R'°,
and R'” can be C,_ alkyl.
In moieties of Formula (2), R> can be —C(:O)—R“j,,

and R'Y can be selected from methyl, ethyl, n-propyl, and
1sopropyl.

In moieties of Formula (2), R can be —C(—0)—
and R can be C,_ cycloalkyl.

In moieties of Formula (2), R> can be —C(—0)—R"°,

and R'” can be selected from C, _, alkyl and C,_. cycloalkyl.

10
R,

In moieties of Formula (2), R®> can be —C(=0)—0O
R, and R'” can be C,_, alkyl.
In moieties of Formula (2), R> can be —C(—0)—O

R', and R'° can be selected from methyl, ethyl, n-propyl,
and 1sopropyl.

In moieties of Formula (2), R> can be —C(—0)—O
R'™, and R*® can be C,_ cycloalkyl.
In moieties of Formula (2), R®> can be —C(—0)—O

R'™, and R*® can be —CF,,.

In moieties of Formula (2), R* can be hydrogen and R>
can be C, . alkyl.

In moieties of Formula (2), R* can be C,_, alkyl and R°
can be C,_, alkyl.

In moieties of Formula (2), R* can be hydrogen and R>
can be —C(—=0O)—R"".

In moieties of Formula (2), R* can be C,_, alkyl and R’
can be —C(—=0O)—R"".

In moieties of Formula (2), R* can be hydrogen and R’
can be —C(=0)—0—R'".

In moieties of Formula (2), R* can be C,_. alkyl and R>
can be —C(=0)—0O—R'°.

In compounds of Formula (1), R” can be a moiety having
the structure of Formula (3).
In moieties of Formula (3), R® can be C, . alkyl.
In moieties of Formula (3), R°® can be selected from
methyl, ethyl, n-propyl, and isopropyl.
In moieties of Formula (3), R® can be C,_, alkoxy.
In moieties of Formula (3), R° can be selected from
methoxy, ethoxy, n-propoxy, and 1sopropoxy.

In compounds of Formula (1), R” can be a moiety having
the structure of Formula (4).
In moieties of Formula (4), n can be 0, 1, 2, or 3.
In moieties of Formula (4), n can be O.
In moieties of Formula (4), n can be 1.
In moieties of Formula (4), R” can be hydrogen.
In moieties of Formula (4), R” can be selected from
methyl, ethyl, n-propyl, and isopropyl.

In compounds of Formula (1), R* can be a moiety having
the structure of Formula (3).

In moieties of Formula (5), R* can be piperidin-2-yl,
piperidine-3-yl, and piperidin-4-yl.
In moieties of Formula (5), R’ can be hydrogen.

In moieties of Formula (5), R’ can be C,_, alkyl.
In moieties of Formula (5), R’ can be —C(—=0)—R"",
and R'' can be selected from —NH,, C,_, alkyl, and C,_,
cycloalkyl.

In moieties of Formula (5), R’ can be —C(=0)—R"",
and R'" can be —NH.,.

In moieties of Formula (5), R’ can be —C(=0)—R"",
and R'" can be C,_ alkyl.

In moieties of Formula (5), R’ can be —C(—0)—R"",
and R'"' can be selected from methyl, ethyl, n-propyl, and

1sopropyl.
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In moieties of Formula (5), R’ can be —C(—0O)—R"",
and R™ can be C,_, cycloalkyl.

In moieties of Formula (5), R’ can be —C(—0)—0—
R'™, and R'® can be selected from C, . alkyl and C,_.
cycloalkyl.

In moieties of Formula (5), R’ can be —C(—0)—0O—
R'™, and R can be C, _ alkyl.

In moieties of Formula (5), R’ can be —C(—0)—0O—
R', and R'® can be selected from methyl, ethyl, n-propyl,
and 1sopropyl.

In moieties of Formula (5), R’ can be —C(—0)—0O—
R, and R'® can be C,_, cycloalkyl.

A compound of Formula (1) can be the (R) 1somer and can
have the structure of Formula (1a):

(la)

A compound of Formula (1) can be the (S) 1somer and can
have the structure of Formula (1b):

(1b)

\
0

)k)\)L

A compound of Formula (1), a compound of Formula
(1a), and a compound of Formula (1b) can be a pharmaceu-
tically acceptable salt. For example, a compound of Formula
(1) can be the hydrochloride salt.

A compound of Formula (1) can be a pharmaceutically
acceptable salt of a compound of Formula (1), a hydrate
thereol, or a solvate of any of the foregoing.

A compound of Formula (1) can be selected from:
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl acetylglycinate (3);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl (tert-butoxycarbonyl)glycinate (4);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl (tert-butoxycarbonyl)-L-valinate (5);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl 2-(3-methyloxetan-3-yl)acetate (6);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl acetyl-L-alaninate (7);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl acetyl-L-valinate (8);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl-1-methylpiperidine-4-carboxylate

(17);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl 1sobutyrylglycinate (19);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl 2-(3-methyloxetan-3-yl)acetate (22);
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1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl 2-(3-methyloxetan-3-yl)acetate (24);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl 2-(3-methyloxetan-3-yl)ac-
ctate (26);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl acetylglycinate (27);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl acetylglycinate (28);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetylglycinate (31);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-valinate (32);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-alaninate (33);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyrylglycinate (34);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyryl-L-alaninate (35);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyryl-L-valinate (36);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl L-valinate (37);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl glycinate (38);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dimethyl-L-valinate (39);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl N-acetyl-N-methylglycinate (40);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl N-acetyl-N-methylglycinate (41);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl propionylglycinate (42);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl propionylglycinate (43);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl L-alaninate (44);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (2,2,2-trifluoroacetyl)glycinate (45);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl (2,2,2-trifluoroacetyl)glycinate (46);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl dimethyl-L-alaminate (47);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl (2,2,2-trifluoroacetyl)-L-valinate
(48);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl (2,2,2-trifluoroacetyl)glycinate (49);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl  (2,2,2-trifluoroacetyl)-L-alaninate
(50);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl (2,2,2-trifluoroacetyl)glyci-
nate (51);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (2,2,2-trifluoroacetyl)-L-valinate (52);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (2,2,2-trifluoroacetyl)-L-alaninate
(53);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-leucinate (37);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-leucinate (58);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-alloisoleucinate (59);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-alloisoleucinate (60);

5

10

15

20

25

30

35

40

45

50

55

60

65

14

1-((({R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetylglycinate (62);
1-((((R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 2-(3-methyloxetan-3-yl)acetate (63);
1-((({R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-alaninate (64);
1-((((R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-valinate (65);
(R)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-(3-methyloxetan-3-yl)acetate (66);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl))carbamoyl)
oxy)methyl acetylglycinate (68);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl))carbamoyl)
oxy)methyl acetyl-L-valinate (69);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)carbamoyl)
oxy)methyl acetyl-L-alaninate (70);
((((R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-leucinate (71);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)carbamoyl)
oxy)methyl acetyl-L-alloisoleucinate (72);

((((5)-1-(2-chlorop.

nenyl )-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met.
chlonide (74);
((((5)-1-(2-chlorop.

1yl dimethyl-L-lloisoleucinate hydrogen

nenyl )-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met
(75):
((((S)-1-(2-chlorop.

1yl methyl-L-valinate hydrogen chlonde

nenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met
ride (76);
((((5)-1-(2-chlorop.

1yl dimethyl-L-leucinate hydrogen chlo-

nenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met.
(77):
((((5)-1-(2-chlorop.

1yl diethyl-L-valinate hydrogen chlornde

nenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met.
acetic acid (78);
((((5)-1-(2-chlorop!
bamoyl)oxy)met.
((((5)-1-(2-chlorop.
bamoyl)oxy)met
((((S)-1-(2-chlorop.

1yl methyl-L-alaninate 2,2,2-trifluoro-

nenyl )-2-oxocyclohexyl)(methyl)car-
1yl dipropyl-L-valinate (79);

nenyl )-2-oxocyclohexyl)(methyl)car-
1yl L-leucinate hydrogen chloride (80);
nenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met
ride (81);
((((S)-1-(2-chlorop.

1yl 1sopropyl-L-valinate hydrogen chlo-

nenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met.
(82);
((((5)-1-(2-chlorop.

1yl propyl-L-valinate hydrogen chlornde

nenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met.
(piperidine-4-carbo

1yl ethyl-L-valinate (83);
xyloyloxy)methyl (S)-1-(2-chlorophe-

nyl)-2-oxocyclohexylmethylcarbamate (86);

((((5)-1-(2-chlorop!
bamoyl)oxy)met.
((((5)-1-(2-chlorop.

nenyl )-2-oxocyclohexyl)(methyl)car-
1yl acetyl-D-prolinate (87);
nenyl )-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)met

1yl acetyl-L-phenylalaninate (88) ((({(S)-

1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)carbamoyl)

oxy)methyl acetyl-L-tyrosinate (89);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl dimethyl-L-valinate (90); and

a pharmaceutical

ly acceptable salt of any of the foregoing.

A compound of Formula (1) can be 1-(({({(5)-1-(2-chloro-
phenyl)-2-oxocyclohexyl)(methyl)carbamoyl)oxy)ethyl

2-aminonicotinate.

A compound of Formula (1) can be selected from:
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl acetylglycinate (3);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl 2-(3-methyloxetan-3-yl)acetate (6);
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1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-alaninate (7);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 1sonicotinate (18);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 1sobutyrylglycinate (19);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-(3-methyloxetan-3-yl)acetate (22);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl acetylglycinate (27);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl acetylglycinate (28);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dimethyl-L-valinate (39);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-alloisoleucinate (60); and
a pharmaceutically acceptable salt of any of the foregoing.
A compound provided by the present disclosure can have
the structure of Formula (1):

(1)
X
7 O R! O
IL)J\OJ\O)J\ R?

O

Cl

or a pharmaceutically acceptable salt thereof, wherein,
R' can be selected from hydrogen and C,_, alkyl; and
R* can be selected from a moiety of Formula (6):

(6)

wherein,
p 1s an integer from 1 to 3; and
each R® is independently selected from hydrogen, C,
alkyl, and —INH,,.

In compounds of Formula (1) in which R® is a moiety of
Formula (6), the carbon atom to which R* can be bonded can
be 1n the (S) configuration.

In compounds of Formula (1) in which R* is a moiety of
Formula (6), the carbon atom to which R' can be bonded can
be 1 the (R) configuration.

In compounds of Formula (1) in which R* is a moiety of
Formula (6), R' can be hydrogen.

In compounds of Formula (1) in which R” is a moiety of
Formula (6), R' can be C, _. alkyl.

In compounds of Formula (1) in which R” is a moiety of
Formula (6, R' can be selected from methyl, ethyl, propyl,
and 1sopropyl.

In moieties of Formula (6), p can be 1.
In moieties of Formula (6), p can be 2.
In moieties of Formula (6), p can be 3.

In moieties of Formula (6), each R® can be hydrogen.
In moieties of Formula (6), each R can independently be

C, . alkyl.
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In moieties of Formula (6), each R® can independently be
selected from methyl, ethyl, propyl, and 1sopropyl.
In moieties of Formula (6), each R can independently be
—NH,.
In compounds of Formula (1), in which R* is a moiety of
Formula (6), the compound can be selected from:
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl nicotinate (14);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 1sonicotinate (18);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl nicotinate (29);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 4-methylnicotinate (54);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-methylnicotinate (3535);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 6-methylnicotinate (56);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-aminonicotinate (61);
(R)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl nicotinate (67);
(R)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-aminonicotinate (73); and
a pharmaceutically acceptable salt of any of the foregoing.
In compounds of Formula (1) in which R* is a moiety of
Formula (6) the compound can be the (R)-1somer having the
structure of Formula (1a):

(1a)

In compounds of Formula (1) in which R® is a moiety of
Formula (6) the compound can be the (S)-1somer having the

structure of Formula (1b):

(1b)

R

X
N\F

In compounds of Formula (1) in which R* is a moiety of
Formula (6) the compound can comprise a hydrochloride

salt.
Compounds of Formula (1) can have the structure of

60 subgenus (1A), wherein,

65

R' can be selected from hydrogen and methyl;

R can be a moiety of Formula (2);

R> can be selected from hydrogen and C, _, alkyl;

R* can be selected from hydrogen and C,_, alkyl; and

R> can be selected from C,_, alkyl and —C(—0O)—R"°,
where R'” can be selected from C,_, alkyl.

In compounds of subgenus (1A), R' can be hydrogen.
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In compounds of subgenus (1A), R* can be methyl.
In compounds of subgenus (1A), the carbon atom to
which R' is bonded can be in the (S) configuration.

In compounds of subgenus (1A), the carbon atom to
which R' is bonded can be in the (R) configuration.

In compounds of subgenus (1A), R® can be hydrogen.
In compounds of subgenus (1A), R® can be C, _, alkyl.
In eempeunds of subgenus (1A), the carbon atom to
which R is bonded can be in the (S) configuration.

In compounds of subgenus (1A), the carbon atom to
which R is bonded can be in the (R) configuration.

In compounds of subgenus (1A), R* can be hydrogen.
In compounds of subgenus (1A), R* can be C,_, alkyl.
In compounds of subgenus (1A), R> can be C, _, alkyl.
In compounds of subgenus (1A), R> can be —C(—0)—
R,

Compounds of Formula (1) can have the structure of
subgenus (4A), wherein,

R' can be selected from hydrogen and methyl;

R* can be a moiety of Formula (4);

n can be 1; and

R” can be selected from C,_; alkyl.

In compounds of subgenus (4A), R can be hydrogen.
In compounds of subgenus (4A), R' can be methyl.

In compounds of subgenus (4A), the carbon atom to
which R' is bonded can be in the (S) configuration.

In compounds of subgenus (4A), the carbon atom to
which R' is bonded can be in the (R) configuration.

In compounds of subgenus (4A), R® can be hydrogen.
In compounds of subgenus (4A), R® can be methyl.

Compounds of Fermula (1) can have the structure of
subgenus (5A), wherein,

R' can be selected from hydrogen and methyl;

R* can be a moiety of Formula (5); and

R’ can be selected from C, _, alkyl.

In compounds of subgenus (5A), R can be hydrogen.
In compounds of subgenus (5A), R can be methyl.

In compounds of subgenus (35A), the carbon atom to
which R' is bonded can be in the (S) configuration.

In compounds of subgenus (SA), the carbon atom to
which R' is bonded can be in the (R) configuration.

In compounds of subgenus (5A), R’ can be methyl.

Compounds of Formula (1) can have the structure of
subgenus (6A), wherein,

R' can be selected from hydrogen and methyl;

R”* can be a moiety of Formula (6); and

R® is selected from —NH,.

In compounds of subgenus (6A), R' can be hydrogen.
In compounds of subgenus (6A), R' can be methyl.

In compounds of subgenus (6A), the carbon atom to
which R' is bonded can be in the (S) configuration.

In compounds of subgenus (6A), the carbon atom to
which R' is bonded can be in the (R) configuration.

Compounds of Formula (1) can be synthesized using
methods known 1n the art. Reacting (S)-ketamine or (R)-
ketamine with 1-chloroethyl carbonochloridate 1n the pres-
ence of a basic catalyst such as N,N-disisopropylethylamine
(DIPEA) to provide the corresponding 1-chloroethyl (1-(2-
chlorophenyl)-2-oxocyclohexyl)(methyl))carbamate, which
1s reacted with a substituted carboxylic acid in the presence
of an amine catalyst to provide the corresponding ketamine
prodrug. Specific synthetic reactions are provided in the
experimental examples.

Pharmaceutical compositions provided by the present
disclosure comprise a compound of Formula (1) or a phar-
maceutically acceptable salt thereof. Pharmaceutical com-
positions provided by the present disclosure comprise a
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compound of Formula (1) or a pharmaceutically acceptable
salt thereof and at least one pharmaceutically acceptable
excipient. Pharmaceutically acceptable excipients are
known.

Pharmaceutical compositions provided by the present
disclosure can be formulated for oral administration. The

compositions may be in the form, for example, of a solution,
a suspension, a tablet, or a lozenge.

An oral dosage form can comprise a therapeutically
ellective amount of a compound of Formula (1).

An oral dosage form can comprise a sustained release oral
dosage form.

Following oral administration to a patient the compound
of Formula (1) 1s absorbed by the gastrointestinal tract into
the systemic circulation where the promoiety 1s cleaved to
provide a systemic circulation of ketamine.

A compound of Formula (1) may be incorporated into
pharmaceutical compositions to be administered orally. Oral
administration of such pharmaceutical compositions results
in uptake of the compound of Formula (1) throughout or 1n
a portion of the gastrointestinal tract and entry into the
systemic circulation.

An oral dosage form provided by the present disclosure
may be a controlled release dosage form. Controlled deliv-
ery technologies can improve the absorption of a drug 1n a
particular region or regions of the gastrointestinal tract.

Controlled drug delivery systems may be designed to
deliver a drug 1n such away that the drug level 1s maintained
within a therapeutically effective window and effective and
safe blood levels are maintained for a period as long as the
system continues to deliver the drug at a particular rate.
Controlled drug delivery may produce substantially constant
blood levels of a drug over a period of time as compared to
fluctuations observed with immediate release dosage forms.
For some drugs, maintaining a constant blood and tissue
concentration throughout the course of therapy 1s the most
desirable mode of treatment. Immediate release of drugs
may cause blood levels to peak above the level required to
clicit a desired response, which may waste the drug and may
cause or exacerbate toxic side eflects. Controlled drug
delivery can result in optimum therapy, and not only can
reduce the frequency of dosing, but may also reduce the
severity ol side eflects. Examples of controlled release
dosage forms include dissolution-controlled systems, diffu-
sion-controlled systems, 1on exchange resins, osmotically
controlled systems, erodable matrix systems, pH 1ndepen-
dent formulations, and gastric retention systems.

Regardless of the specific type of controlled release oral
dosage form used, a compound of Formula (1) may be
released from an orally administered dosage form over a
suflicient period of time to provide prolonged therapeutic
concentrations of the compound of Formula (1) in the
plasma and/or blood of a patient Following oral adminis-
tration, a dosage form comprising a compound of Formula
(1) may provide a therapeutleally clfective concentration of
the corresponding drug in the plasma and/or blood of a
patient for a continuous time period of at least about 4 hours,
of at least about 8 hours, for at least about 12 hours, for at
least about 16 hours, and 1n certain embodiments, for at least
about 20 hours following oral administration of the dosage
form to the patient. The continuous time periods during
which a therapeutically eflective concentration of the drug 1s
maintained may be the same or diflerent. The continuous
period of time during which a therapeutically eflective
plasma concentration of the drug 1s maintained may begin
shortly after oral administration or following a time interval.
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Following oral administration, and absorption of a com-
pound of Formula (1) into the systemic circulation, dosage
forms comprising a compound of Formula (1) can provide a
therapeutic or prophylactic concentration of ketamine in the
plasma and/or blood of a patient for a time period of at least
about 4 hours, for at least about 8 hours, for at least about
12 hours, for at least about 16 hours, for at least about 20
hours, or for at least about 24 hours following oral admin-
istration of the dosage form to the patient.

Regardless of the specific form of sustained release oral
dosage form used, a compound of Formula (1) may be
released from a dosage form such as an orally administered
dosage form, over a suilicient period of time to provide
prolonged therapeutic concentrations of a compound of
Formula (1) 1n the blood of a patient enabling administration
of the dosage form on only a once or twice per day basis.

Pharmaceutical compositions provided by the present
disclosure may be practiced with dosage forms adapted to
provide sustained release of a compound of Formula (1)
upon oral administration. Sustained release oral dosage
forms may be used to release drugs over a prolonged time
period and are useful when 1t 1s desired that a drug or drug
form be delivered to the lower gastrointestinal tract. Sus-
tained release oral dosage forms include any oral dosage
form that maintains therapeutic concentrations of a drug 1n
a biological fluid such as the plasma, blood, cerebrospinal
fluid, or 1n a tissue or organ for a prolonged time period.
Sustained release oral dosage forms include diffusion-con-
trolled systems such as reservoir devices and matrix devices,
dissolution-controlled systems, osmotic systems, and ero-
sion-controlled systems. Sustained release oral dosage forms
and methods of preparing the same are well known in the art.

Sustained release oral dosage forms provided by the
present disclosure can release a compound of Formula (1)
from the dosage form to facilitate the ability of the com-
pound of Formula (1) to be absorbed from an appropnate
region ol the gastrointestinal tract, for example, 1n the small
intestine or 1n the colon. Sustained release oral dosage forms
may release a compound of Formula (1) from the dosage
form over a period of at least about 4 hours, at least about
8 hours, at least about 12 hours, at least about 16 hours, at
least about 20 hours, and 1n certain embodiments, at least
about 24 hours. Sustained release oral dosage forms may
release a compound of Formula (1) from the dosage form in
a delivery pattern corresponding to about 0 wt % to about 20
wt % 1n about O to about 4 hours; about 20 wt % to about
50 wt % 1n about O to about 8 hours; about 55 wt % to about
85 wt % 1n about 0 to about 14 hours; and about 80 wt % to
about 100 wt % 1n about 0 to about 24 hours; where wt %
refers to the percent of the total weight of the compound in
the dosage form. Sustained release oral dosage forms may
release a compound of Formula (1) from the dosage form in

a delivery pattern corresponding to about 0 wt % to about 20
wt % 1n about 0 to about 4 hours; about 20 wt % to about

50 wt % 1n about O to about 8 hours; about 55 wt % to about
85 wt % 1n about O to about 14 hours; and about 80 wt % to
about 100 wt % 1n about 0 to about 20 hours. Sustained
release oral dosage forms may release a compound of
Formula (1) from the dosage form in a delivery pattern
corresponding to about O wt % to about 20 wt % 1n about 0
to about 2 hours; about 20 wt % to about 50 wt % 1n about
0 to about 4 hours; about 55 wt % to about 85 wt % 1n about
0 to about 7 hours; and about 80 wt % to about 100 wt % 1n
about O to about 8 hours.

Sustained release oral dosage forms comprising a com-
pound of Formula (1) may provide a concentration of the
corresponding drug in the plasma, blood, cerebrospinal
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fluid, or tissue of a patient over time, following oral admin-
istration to the patient. The concentration profile of the drug
may exhibit an AUC that 1s proportional to the dose of the
corresponding compound of Formula (1).

The appropriate oral dosage form for a particular phar-
maceutical composition provided by the present disclosure
may depend, at least 1n part, on the gastrointestinal absorp-
tion properties of a compound of Formula (1), the stability
of a compound of Formula (1) 1n the gastrointestinal tract,
the pharmacokinetics of a compound of Formula (1), and the
intended therapeutic profile. An appropriate controlled or
sustained release oral dosage form may be selected for a
particular compound of Formula (1). For example, gastric
retention oral dosage forms may be appropriate for com-
pounds absorbed primarily from the upper gastrointestinal
tract, and sustained release oral dosage forms may be
appropriate for compounds absorbed primarily from the
lower gastrointestinal tract. Certain compounds are absorbed
primarily from the small mtestine. In general, compounds
traverse the length of the small intestine 1 about 3 to 5
hours. For compounds that are not easily absorbed by the
small intestine or that do not dissolve readily, the window
for active agent absorption 1n the small intestine may be too
short to provide a desired therapeutic effect.

A dose of compound of Formula (1) and appropnate
dosing intervals may be selected to maintain a sustained
therapeutically eflective concentration of the compound of
Formula (1) in the blood of a patient, and in certain
embodiments, without exceeding a minimum adverse con-
centration.

A therapeutically eflective concentration of a compound
of Formula (1) 1n the blood or plasma of a patient can be less
than an amount that causes unacceptable adverse eflects
including adverse eflects to homeostasis. A therapeutically
ellective concentration of a compound of Formula (1) 1n the
blood or plasma of a patient can be an amount suflicient to
restore and/or maintain homeostasis in the patient. For
example, following administration of a therapeutically
ellective dose of a compound of Formula (1), a therapeuti-
cally effective amount of ketamine can be maintained for
greater than 1 hour, greater than 2 hours, greater than 3
hours, greater than 4 hours, greater than 5 hours, greater than
6 hours, greater than 7 hours, or greater than 8 hours. For
example, following administration of a therapeutically
cllective dose of a compound of Formula (1), a therapeut-
cally eflective amount of ketamine can be maintained, for
example, from 1 hour to 10 hours, from 2 hours to 8 hours,
from 2 hours to 6 hours, or from 2 hours to 4 hours.

In certain embodiments an administered dose 1s less than
a toxic dose. Toxicity of the compositions described herein
may be determined by standard pharmaceutical procedures
in cell cultures or experimental animals, e.g., by determining
the LD., (the dose lethal to 50% of the population) or the
LD, (the dose lethal to 100% ot the population). The dose
ratio between toxic and therapeutic effect 1s the therapeutic
index. In certain embodiments, a ketamine derivative may
exhibit a high therapeutic index. The data obtained from
these cell culture assays and animal studies may be used 1n
formulating a dosage range that 1s not toxic for use 1n
humans. A dose of a ketamine derivative provided by the
present disclosure may be within a range of circulating
concentrations 1n for example the blood, plasma, or central
nervous system, that include the eflective dose and that
exhibits little or no toxicity. A dose may vary within this
range depending upon the dosage form employed and the
route of administration utilized. In certain embodiments, an
escalating dose may be administered.

.
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Pharmaceutical compositions provided by the present
disclosure may further comprise one or more pharmaceuti-
cally active compounds 1n addition to a compound of
Formula (1). Such compounds may be provided to treat the
disease being treated with ketamine or to treat a disease,
disorder, or condition other than the infectious disease being
treated with the compound of Formula (1).

A compound of Formula (1) may be used in combination
with at least one other therapeutic agent. A compound of
Formula (1) may be admimstered to a patient together with
another compound for treating infectious disease in the
patient. The at least one other therapeutic agent may be a
second compound encompassed by compounds of Formula
(1). A compound of Formula (1) and the at least one other
therapeutic agent may act additively or, and 1n certain
embodiments, synergistically. The at least one additional
therapeutic agent may be included 1n the same pharmaceu-
tical composition or vehicle comprising the compound of
Formula (1) or may be in a separate pharmaceutical com-
position or vehicle. Accordingly, methods provided by the
present disclosure further include, 1n addition to adminis-
tering a compound of Formula (1), admimstering one or
more therapeutic agents eflective for treating an infectious
disease or a different disease, disorder or condition than the
infectious disease. Methods provided by the present disclo-
sure include administration of a compound of Formula (1)
and one or more other therapeutic agents provided that the
combined administration does not inhibit the therapeutic
ellicacy of a compound of Formula (1) and/or does not
produce adverse combination eflects.

Pharmaceutical compositions comprising a compound of
Formula (1) may be administered concurrently with the
administration of another therapeutic agent, which may be
part of the same pharmaceutical composition as, or 1 a
different pharmaceutical composition than that comprising a
compound of Formula (1). A compound of Formula (1) may
be administered prior or subsequent to administration of
another therapeutic agent. In certain embodiments of com-
bination therapy, the combination therapy may comprise
alternating between administering a compound of Formula
(1) and a composition comprising another therapeutic agent,
¢.g., to mmmimize adverse drug eflects associated with a
particular drug and/or to enhance treatment eflicacy. When
a compound of Formula (1) 1s administered concurrently
with another therapeutic agent that potentially may produce
an adverse drug eflect including, for example, toxicity, the
other therapeutic agent may be administered at a dose that
talls below the threshold at which the adverse drug reaction
1s elicited.

Pharmaceutical compositions comprising a compound of
Formula (1) may be administered with one or more sub-
stances to enhance, modulate and/or control release, bio-
availability, therapeutic etlicacy, therapeutic potency, stabil-
ity, and the like of a compound of Formula (1). For example,
to enhance the therapeutic eflicacy of a compound of For-
mula (1), a compound of Formula (1) or a pharmaceutical
composition comprising a compound of Formula (1) may be
co-administered with one or more active agents to increase
the absorption or diffusion of the compound of Formula (1)
from the gastrointestinal tract to the systemic circulation, or
to inhibit degradation of the compound of Formula (1) in the
blood of a patient. A pharmaceutical composition compris-
ing a compound of Formula (1) may be co-administered
with an active agent having pharmacological effects that
enhance the therapeutic eflicacy of the compound of For-

mula (1).
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A compound of Formula (1) or a pharmaceutical compo-
sition comprising a compound of Formula (1) may be
administered in conjunction with an agent known or
believed to be eflective 1n treating the disease being treated
with ketamine.

A compound of Formula (1), a pharmaceutically accept-
able salt thereot, or a pharmaceutical composition of any of
the foregoing may be included 1n a kit that may be used to
administer the compound to a patient for therapeutic pur-
poses. A kit may include a pharmaceutical composition
comprising a compound of Formula (1) suitable for admin-
istration to a patient and instructions for administering the
pharmaceutical composition to the patient. A kit for use in
treating a bacterial infection in a patient comprises a com-
pound of Formula (1) or a pharmaceutically acceptable salt
thereof, a pharmaceutically acceptable vehicle for adminis-
tering the compound, and instructions for administering the
compound to a patient. Instructions supplied with a kit may
be printed and/or supplied, for example, as an electronic-
readable medium, a video cassette, an audiotape, a flash
memory device, or may be published on an internet web site
or distributed to a patient and/or health care provider as an
clectronic communication.

Compounds of Formula (1) and pharmaceutical compo-
sitions thereof can be used to treat a disease known to be or
determined to be treated by ketamine.

Compounds of Formula (1) and pharmaceutical compo-
sitions thereof can be used to treat a disease known to be or
determined to be treated by ketamine and one or more
additional therapeutic agents.

For example, compounds of Formula (1) and pharmaceu-
tical compositions thereof can be used to treat a neurological
disease, a psychological disease, or pain.

Compounds of Formula (1) and pharmaceutical compo-
sitions thereol can be used to treat a neurological disease
such as a neurological disease of the central nervous system.

Examples of neurological diseases include Alzheimer’s
disease; amyotrophic lateral sclerosis; back pain; Bell’s
palsy; birth defects of the brain and spinal cord; brain
aneurysm; brain injury; brain tumor; cerebral palsy; chronic
fatigue syndrome; concussion; dementia; disk disease of
neck and lower back; dizziness; dystonia; epilepsy; Guillain-
Barr¢ syndrome; headache——cluster; headache—tension;
migraine; motor neuron disease amyotrophic lateral sclero-
s1s; multiple sclerosis; muscular dystrophy; neuralgia; neu-
rofibromatosis; neuropathy; neuromuscular and related dis-
cases; Parkinson’s disease; progressive supranuclear palsy;
psychiatric conditions (severe depression, obsessive-com-
pulsive disorder); sciatica; scoliosis; seizures; shingles; spi-
nal cord injury; spinal deformity; spinal disorder (subacute
combined degeneration); spine tumor; stroke; traumatic
brain injury; and vertigo.

Compounds of Formula (1) and pharmaceutical compo-
sitions thereol can be used to treat a neurological disease
such as a psychiatric disease.

Example of psychiatric diseases include alcohol or sub-
stance use disorder; anxiety disorders including generalized
anxiety disorder, panic disorder, phobias, and social anxiety
disorder; adult attention deficit/hyperactivity disorder; bipo-
lar disorder including major depressive episode, hypomanic
episode, manic episode, and mixed specifier (formerly
mixed episode); depression including postpartum depression
and seasonal aflective disorder; eating disorders; obsessive-
compulsive disorder; opioid use disorder symptoms; post-
traumatic stress disorder; schizophrenia; dissociative disor-
ders; feeding and eating disorders; sexual and paraphilic
disorders; sleep and wake disorders; childhood mental dis-
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orders including autism spectrum disorder (formerly Asper-
ger’s, autistic disorder, and Rett’s), attention deficit/hyper-
activity disorder, and autism; personality disorders including
antisocial personality disorder, avoidant personality disor-
der, borderline personality disorder, dependent personality
disorder, histrionic personality disorder, multiple personality
disorder, see dissociative 1dentity disorder, narcissistic per-
sonality disorder, obsessive-compulsive personality disor-
der, paranoid personality disorder, schizoid personality dis-
order, and schizotypal personality disorder; and other mental
disorders including acute stress disorder, Alzheimer’s dis-
case, Parkinson’s disease, and psychotic disorder

Compounds of Formula (1) and pharmaceutical compo-
sitions thereof can be used to treat pain. Examples of pain
include acute pain, addiction, advanced prostate cancer,
AlDs-related pain, ankylosing spondylitis, arachnoiditis,
arthritis, arthrofibrosis, ataxic cerebral palsy, autoimmune
atrophic gastritis, autoimmune diseases, avascular necrosis,
back pain, Behcet’s disease (syndrome), breakthrough pain,
burning mouth syndrome, bursitis, cadasil, cancer pain,
carpal tunnel, cauda equina syndrome, central pain syn-
drome, cerebral palsy, cerebrospinal fluid leaks, cervical
stenosis, Charcot-Marie-Tooth disease, chronic fatigue syn-
drome, chronic functional abdominal pain, chronic pain,
chronic pancreatitis, coccyx, collapsed lung (pneumotho-
rax), complementary and alternative medicine, complex
regional pain syndrome (rsd), corneal neuropathic pain,
Crohn’s disease, degenerative disc disease, dependence
(physical), depression, Dercum’s disease, dermatomyositis,
diabetic peripheral neuropathy, dystonia, Ehlers-Danlos syn-
drome, endometriosis, eosinophilia-myalgia syndrome,
erythromelalgia, failed back surgery syndrome, fibromyal-
gia, gout, growing pains, headaches, herniated disc, hydro-
cephalus, intercostal neuraligia, interstitial cystitis, irritable
bowel syndrome, juvenile dermatositis, knee injury, leg
pain, loin pain-haematuria syndrome, lupus, Lyme disease,
medullary sponge kidney, meralgia paresthetica, mesothe-
lioma, migraine, mitochondrial disorders, multiple sclerosis,
musculoskeletal pain, myofascial pain, myositis, neck pain,
neuropathic pain, NSAIDs, occipital neuralgia, osteoarthri-
t1s, Paget’s disease, parsonage turner syndrome, patient
rights, pelvic pain, peripheral neuropathy, phantom limb
pain, pinched nerve, polycystic kidney disease, polymyalgia
rhuematica, polymyositis, porphyria, post herniorraphy pain
syndrome, post mastectomy pain syndrome, post stroke
pain, post thorocotomy pain syndrome, postherpetic neural-
gia (shingles), post-polio health international, post-polio
syndrome, post-traumatic stress disorder, primary lateral
sclerosis, psoriatic arthritis, pudendal neuralgia, radiculopa-
thy, Raynaud’s disease, restless leg syndrome, rheumatoid
arthritis, sacroiliac joint dysiunction, sarcoidosis, Scheue-
mann’s Kyphosis disease, sciatica, scoliosis, shingles (herpes
zoster), sickle cell, Sjogren’s syndrome, sleep apnea, spas-
modic torticollis, sphincter of Oddi dysfunction, spinal
cerebellum ataxia, spinal cord injury, spinal stenosis, syrin-
gomyelia, Tarlov cysts, tethered cord syndrome, thoracic
outlet syndrome, TMJ, tolerance, transverse myelitis,
trigeminal neuralgia, trigger points, ulcerative colitis, vas-
cular pain, vulvodynia, whiplash.

Ketamine 1s an NMDA (N-methyl-D-aspartate) receptor
antagonist. Thus, compounds provided by the present dis-
closure which following oral administration, release ket-
amine 1nto the systemic circulation will be useful 1n treating
diseases for which ketamine and other NMDA receptor
antagonists are useful 1n treating.

NMDA receptor antagonists are known to be useful 1n
treating or are believed to be useful 1n treating, for example,
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acute pain, acute traumatic pain, alcohol use disorder,
Alzheimer’s disease, anxiety disorders, anxious depression,
autism spectrum disorder, bipolar depression, bipolar I dis-
order, bipolar II disorder, chronic pain, cancer pain, cogni-
tive symptom, cortical spreading depolarization, cortical
spreading depression, violent/aggressive behavior, depres-
sion, {racture pain, head and neck cancer, headache, Hun-
tington’s disease, intractable pain, major depression disor-
der, migraine, mood disorders, neuropathic pain, obsessive
compulsive disorder, obstructive sleep apnea syndrome,
pancreatic cancer pain, Parkinson’s disease, perinatal
depression, post-operative cognitive dysfunction, postopera-
tive pain, postpartum depression, post-traumatic stress dis-
order, pressure ulcer, psychotic-like symptoms, refractory
cancer pain, Rett syndrome, schizophrema, sleep apnea,
social anxiety disorder, stress disorders, subarachnoid hem-
orrhage, substance use disorders, suicide, suicidal ideation,
systemic lupus erythematosus, traumatic brain injury, treat-
ment resistant depression, and unipolar depression.

Compounds provided by the present disclosure can be
used to treat a disease for which the etiology of the disease
1s associated with the NMDA.

Method provided by the present disclosure include pro-
viding a therapeutically eflective amount of ketamine 1n the
systemic circulation of a patient comprising administering to
a patient a compound of Formula (1) or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition
thereof.

Compounds provided by the present disclosure can be
co-administered with other NMDA receptor antagonists
including, for example, competitive antagonists such as AP35
(APV, R-2-amino-3-phosphonopentanoate), AP7 (2-amino-
7/-phosphonoheptanoic acid), copene (3-[(R)-2-carboxypip-
erazin-4-yl]-prop-2-enyl-1-phosphonic acid), seliotel, and
aspartame; uncompetitive channel blockers including mino-
cycline, amantadine, atomoxetine, AZD6765, agmatine,
chloroform, dextrallorphan, dextromethorphan, dextror-
phan, diphenidine, dizocilpine (MK-801), ethanol, eticycli-
dine, gacyclhidine, ketamine, magnesium, memantine,
methoxetamine, nitromemantine, nitrous oxide, PD-137889,
phencyclidine, rolicyclidine, tenocyclidine, methoxydine,
tiletamine, neramexane, eliprodil, etoxadrol, dexoxadrol,
WMS-2539, NEFA, remacemide, delucemine, and
8A-PDHQ), non-competitive antagonists such as aptiganel,
HU-211, huperzine A, ibogaine, remacemide, rhynchophyl-
line, and gabapentin; glycine antagonists such as apastinel,
NRX-1074, 7-chlorokynuremic acid, 4-chlorokynurenine,
5, 7-dichlorokynurenic acid, kynurenic acid, TK-40, 1-ami-
nocyclopropanecarboxylic acid, 1-phenylalanine, and
xenon; or a combination of any of the foregoing.

Compounds and compositions provided by the present
disclosure can be administered orally.

Compounds provided by the present disclosure, when
orally administered, provide an enhanced oral bioavailabil-
ity of ketamine compared to the oral bioavailability of orally
administered ketamine.

In humans, orally administered (50 mg tablet) (S)-ket-

amine and (R)-ketamine have an oral bioavailability of
about 18% with a C, . of about 41 ng/ml., a’T___of about

FRAX FRax

31 min, and an AUC, .., ngxh/ml. Yanagihara et al.,
Biopharmaceutics & Drug Disposition, 24, p. 37-43 (2003).

For example, compounds of Formula (1) can exhibit a
ketamine oral bioavailability (% F) of at least 10%, at least
20%, at least 30%, at least 40%, at least 50%, or at least
60%. Compounds of Formula (1) can provide a ketamine
oral availability, for example, from 5% to 90% from, 10% to

80%, from 15% to 70%, or from 20% to 60%.
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Pharmaceutical compositions provided by the present
disclosure may further comprise one or more pharmaceuti-
cally active compounds in addition to a compound of
Formula (1). Such compounds may be provided to treat the
disease being treated with the compound of Formula (1) or
to treat a disease, disorder, or condition other than that being
treated with the compound of Formula (1).

A compound of Formula (1) may be used in combination
with at least one other therapeutic agent. A compound of
Formula (1) may be administered to a patient together with
another compound for treating a bacterial infection 1n the
patient. The at least one other therapeutic agent may be a
different compound encompassed by Formula (1). A com-
pound of Formula (1) and the at least one other therapeutic
agent may act additively or synergistically. The at least one
additional therapeutic agent may be included 1n the same
pharmaceutical composition or vehicle comprising the com-
pound of Formula (1) or may be 1n a separate pharmaceutical
composition or vehicle. Accordingly, methods provided by
the present disclosure further include, 1n addition to admin-
istering a compound of Formula (1), administering one or
more therapeutic agents eflective for treating a different
disease, disorder or condition other than the disease being
treated with ketamine. Methods provided by the present
disclosure include administration of a compound of Formula
(1) and one or more other therapeutic agents provided that
the combined administration does not inhibit the therapeutic
ellicacy of a compound of Formula (1) and/or does not
produce adverse combination eflects.

Pharmaceutical compositions comprising a compound of
Formula (1) may be administered concurrently with the
administration of another therapeutic agent, which may be
part of the same pharmaceutical composition as, or 1 a
different pharmaceutical composition than that comprising a
compound of Formula (1). A compound of Formula (1) may
be administered prior or subsequent to administration of
another therapeutic agent. In certain embodiments of com-
bination therapy, the combination therapy may comprise
alternating between administering a compound of Formula
(1) and a composition comprising another therapeutic agent,
¢.g., to mmmimize adverse drug eflects associated with a
particular drug. When a compound of Formula (1) 1s admin-
istered concurrently with another therapeutic agent that
potentially may produce an adverse drug eflect including,
for example, toxicity, the other therapeutic agent may be
administered at a dose that falls below the threshold at which
the adverse drug reaction 1s elicited.

Pharmaceutical compositions comprising a compound of
Formula (1) may be administered with one or more sub-
stances to enhance, modulate and/or control release, bio-
availability, therapeutic etlicacy, therapeutic potency, stabil-
ity, and the like of a compound of Formula (1). For example,
to enhance the therapeutic eflicacy of a compound of For-
mula (1), a compound of Formula (1) or a pharmaceutical
composition comprising a compound of Formula (1) may be
co-administered with one or more active agents to increase
the absorption or diffusion of the compound of Formula (1)
from the gastrointestinal tract to the systemic circulation, or
to inhibit degradation of the compound of Formula (1) in the
blood of a patient. A pharmaceutical composition compris-
ing a compound of Formula (1) may be co-administered
with an active agent having pharmacological effects that
enhances the therapeutic etlicacy of the compound of For-

mula (1).

ASPECTS OF THE INVENTION

The 1invention 1s further defined by the following aspects.
Aspect 1. A compound of Formula (1):
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(1)
AN

F

Cl O

/\\)L)\)L

NG N

or a pharmaceutically acceptable salt thereof, wherein,
R' is selected from hydrogen and C,_. alkyl; and

R~ is selected from a moiety of Formula (2), a moiety of
Formula (3), a moiety of Formula (4), and a moiety of
Formula (3):

(2)

(3)

(4)

()

N
\/ \R?

wherein,
R is selected from hydrogen, C,_. alkyl, C,_,, alkylar-
ene, and substituted C-_, , alkylarene;
R* is selected from hydrogen and C,_. alkyl;
R> is selected from hydrogen, C, . alkyl, —C(—0)—
R, and —C(=0)>—0O—R", wherein R'® is
selected from C, _ alkyl, C;_« cycloalkyl, and —CF;;
R® is selected from C, . alkyl and C,_ alkoxy:;
n 1s an integer from O to 3;
R’ is selected from hydrogen, C, . alkyl, —C(—0)—
R'", and —C(—0)—0—R"°, wherein,
R' is selected from C, . alkyl and C,_. cycloalkyl;
and
R' is selected from —NH,, —CF,, C, . alkyl, and
C;_¢ cycloalkyl; and
R” is selected from hydrogen and C,_, alkyl.
Aspect 2. The compound of aspect 1, wherein the carbon
atom to which R" is bonded is in the (S) configuration.
Aspect 3. The compound of aspect 1, wherein the carbon
atom to which R' is bonded is in the (R) configuration.
Aspect 4. The compound of any one of aspects 1 to 3,
wherein R' is hydrogen.
Aspect 5. The compound of any one of aspects 1 to 3,
wherein R' is C, . alkyl.
Aspect 6. The compound of any one of aspects 1 to 3,
wherein R' is selected from methyl, ethyl, propyl, and

1sopropyl.
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Aspect 7. The compound of any one of aspects 1 to 6,
wherein R* is a moiety of Formula (2):

(2)

Aspect 8. The compound of aspect 7, wherein R is
hydrogen.

Aspect 9. The compound of aspect 7, wherein R” is C, _
alkyl.

Aspect 10. The compound of aspect 7, wherein R is
selected from methyl, ethyl, 1sopropyl, isobutyl, and sec-
1sobutyl.

Aspect 11. The compound of aspect 7, wherein R” is C,_, ,
alkylarene.

Aspect 12. The compound of aspect 7, wherein R is
selected from benzyl, 4-methylphenol, and 3-methyl-2H-
indole.

Aspect 13. The compound of any one of aspects 7 to 12,
wherein the carbon atom to which R is bonded is in the (S)
configuration.

Aspect 14. The compound of any one of aspects 7 to 12,
wherein the carbon atom to which R” is bonded is in the (R)
configuration.

Aspect 15. The compound of any one of aspects 7 to 14,
wherein R* is hydrogen.

Aspect 16. The compound of any one of aspects 7 to 14,
wherein R* is C, . alkyl.

Aspect 17. The compound of any one of aspects 7 to 14,
wherein R* is C, _, alkyl.

Aspect 18. The compound of any one of aspects 7 to 14,
wherein R* is selected from methyl, ethyl, propyl and
1sopropyl.

Aspect 19. The compound of any one of aspects 7 to 18,
wherein R> is C, _, alkyl.

Aspect 20. The compound of any one of aspects 7 to 18,
wherein R> is selected from methyl, ethyl, propyl, and
1sopropyl.

Aspect 21. The compound of any one of aspects 7 to 18,
wherein R> is —C(—0)—R"".

Aspect 22. The compound of aspect 21, wherein R" is
—NH.,.

Aspect 23. The compound of aspect 21, wherein R'® is
C, ¢ alkyl.

Aspect 24. The compound of aspect 21, wherein R'" is
selected from methyl, ethyl, propyl, and 1sopropyl.

Aspect 25. The compound of aspect 21, wherein R" is
C,_¢ cycloalkyl.

Aspect 26. The compound of aspect 21, wherein R'® is
—CF,.

Aspect 27. The compound of any one of aspects 7 to 18,
wherein R’ is —C(=0)—0—R"".

Aspect 28. The compound of aspect 27, wherein R'* is
C,_¢ alkyl.

Aspect 29. The compound of aspect 27, wherein R" is
C,_¢ cycloalkyl.

Aspect 30. The compound of any one of aspects 1 to 6,
wherein R” is a moiety of Formula (3):
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Aspect 31. The compound of aspect 30, wherein R° is
selected from C,_. alkyl.

Aspect 32. The compound of aspect 30, wherein R° is
selected from methyl, ethyl, propyl, and 1sopropyl.

Aspect 33. The compound of aspect 30, wherein R° is
selected from C, _ alkoxy.

Aspect 34. The compound of aspect 30, wherein R°® is
selected from methoxy, ethoxy, n-propoxy, and 1sopropoxy.

Aspect 35. The compound of any one of aspects 1 to 6,
wherein the moiety of Formula (3) has the structure of
Formula (3a):

(3a)

>/R5.

N

Aspect 36. The compound of any one of aspects 1 to 6,
wherein R” is a moiety of Formula (4):

(4)

Aspect 37. The compound of aspect 36, wherein n 1s 0.

Aspect 38. The compound of aspect 36, wherein n 1s 1.

Aspect 39. The compound of aspect 36, wherein n 1s 2.

Aspect 40. The compound of any one of aspects 36 to 39,
wherein R” is hydrogen.

Aspect 41. The compound of any one of aspects 36 to 39,
wherein R” is selected from methyl, ethyl propyl, and
1sopropyl.

Aspect 42. The compound of any one of aspects 1 to 6,
wherein R” is a moiety of Formula (5):

188

Aspect 43. The compound of aspect 42, wherein R’ is
hydrogen.

Aspect 44. The compound of aspect 42, wherein R’ is C, .
alkyl.

Aspect 45. The compound of aspect 42, wherein R’ is
selected from methyl, ethyl, propyl, and 1sopropyl.

Aspect 46. The compound of aspect 42, wherein R’ is
—C(=0)—R"".

()
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Aspect 47. The compound of aspect 46, wherein R is
_NH,,
Aspect 48. The compound of aspect 46, wherein R'' is

C. . alkyl
Aspect 49. The compound of aspect 46, wherein R'" is

C;_¢ cycloalkyl.

Aspect 50. The compound of aspect 42, wherein R’ is
—C(=0)—0—R".

Aspect 51. The compound of aspect 50, wherein R' is C, _
alkyl.

Aspect 52. The compound of aspect 50, wherein R" is C,_
cycloalkyl.

Aspect 53. The compound of aspect 42, wherein the
moiety of Formula (5) 1s 1-substituted-4-methylpiperidine.

Aspect 54. The compound of any one of aspects 1 to 53,
wherein the compound is the (R)-1somer having the structure
of Formula (1a):

(la)

O R/ O

Aspect 55. The compound of any one of aspects 1 to 53,
wherein the compound 1s the (S)-1somer having the structure
of Formula (1b):

(1b)
S
a1 \E/ 0 R! 0
A

O

Aspect 56. The compound of any one of aspects 1 to 53,
wherein the compound comprises a hydrochloride salt.
Aspect 57. The compound of aspect 1, wherein the
compound 1s selected from:
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetylglycinate (3);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (tert-butoxycarbonyl)glycinate (4);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (tert-butoxycarbonyl)-L-valinate (35);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 2-(3-methyloxetan-3-yl)acetate (6);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-alaninate (7);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-valinate (8);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 1-methylpiperidine-4-carboxylate (17);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 1sobutyrylglycinate (19);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-(3-methyloxetan-3-yl)acetate (22);
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1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl 2-(3-methyloxetan-3-yl)acetate (24);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl 2-(3-methyloxetan-3-yl)ac-
ctate (26);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl acetylglycinate (27);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl acetylglycinate (28);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetylglycinate (31);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-valinate (32);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-alaninate (33);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyrylglycinate (34);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyryl-L-alaninate (33);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyryl-L-valinate (36);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl L-valinate (37);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl glycinate (38);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dimethyl-L-valinate (39);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl N-acetyl-N-methylglycinate (40);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl N-acetyl-N-methylglycinate (41);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl propionylglycinate (42);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl propionylglycinate (43);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl L-alaninate (44);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (2,2,2-trifluoroacetyl)glycinate (45);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl (2,2,2-trifluoroacetyl)glycinate (46);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl dimethyl-L-alaninate (47);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl (2,2,2-trifluoroacetyl)-L-valinate
(43);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl (2,2,2-trifluoroacetyl)glycinate (49);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl  (2,2,2-trifluoroacetyl)-L-alaninate
(50);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl (2,2,2-trifluoroacetyl)glyci-
nate (51);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (2,2,2-trifluoroacetyl)-L-valinate (52);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl (2,2,2-trifluoroacetyl)-L-alaninate
(53);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-leucinate (57);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-leucinate (38);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-alloisoleucinate (59);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-alloisoleucinate (60);
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1-((({R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetylglycinate (62);
1-((((R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 2-(3-methyloxetan-3-yl)acetate (63);
1-((({R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-alaninate (64);
1-((((R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-valinate (65);
(R)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-(3-methyloxetan-3-yl)acetate (66);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)carbamoyl)
oxy)methyl acetylglycinate (68);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)carbamoyl)
oxy methyl acetyl-L-valinate (69);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)carbamoyl)
oxy )methyl acetyl-L-alaninate (70);
((((R)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-leucinate (71);
(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)carbamoyl)
oxy)methyl acetyl-L-alloisoleucinate (72);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dimethyl-L-lloisoleucinate hydrogen
chloride (74);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl methyl-L-valinate hydrogen chloride
(75):
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dimethyl-L-leucinate hydrogen chlo-
ride (76);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl diethyl-L-valinate hydrogen chloride
(77):
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl methyl-L-alaninate 2,2,2-trifluoro-
acetic acid (78);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dipropyl-L-valinate (79);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl L-leucinate hydrogen chloride (80);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sopropyl-L-valinate hydrogen chlo-
ride (81);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl propyl-L-valinate hydrogen chloride
(82);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl ethyl-L-valinate (83);
(piperidine-4-carboxyloyloxy)methyl (S)-1-(2-chlorophe-
nyl)-2-oxocyclohexylmethylcarbamate (86);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-D-prolinate (87);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-phenylalaninate (88);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-tyrosinate (89);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl dimethyl-L-valinate (90); and
a pharmaceutically acceptable salt of any of the foregoing.
Aspect 58. The compound of aspect 1, wherein the
compound 1s selected from:
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetylglycinate (3);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 2-(3-methyloxetan-3-yl)acetate (6);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl acetyl-L-alaninate (7);
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1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 1sonicotinate (18);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)ethyl 1sobutyrylglycinate (19);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-(3-methyloxetan-3-yl)acetate (22);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)propyl acetylglycinate (27);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)-2-methylpropyl acetylglycinate (28);
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dimethyl-L-valinate (39);
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-(60); and
a pharmaceutically acceptable salt of any of the foregoing.
Aspect 59. A compound of Formula (1):

(1)
R

X
N O R! O
ILJ\O/I\O)‘\RE.

O

Cl

or a pharmaceutically acceptable salt thereof, wherein,
R' is selected from hydrogen and C,_. alkyl; and
R” is a moiety of Formula (6):

(6)

wherein
p 1s an integer from 1 to 3; and
each R® is independently selected from C,_. alkyl and
—NH.,,.

Aspect 60. The compound of aspect 59, wherein the
carbon atom to which R' is bonded is in the (S) configura-
tion.

Aspect 61. The compound of aspect 59, wherein the
carbon atom to which R" is bonded is in the (R) configura-
tion.

Aspect 62. The compound of any one of aspects 59 to 61,
wherein R' is hydrogen.

Aspect 63. The compound of any one of aspects 59 to 61,
wherein R' is C, . alkyl.

Aspect 64. The compound of any one of aspects 59 to 61,
wherein R' is selected from methyl, ethyl, propyl, and
1sopropyl.

Aspect 65. The compound of any one of aspects 59 to 64,
wherein p 1s 1.

Aspect 66. The compound of any one of aspects 59 to 64,
wherein p 1s 2.

Aspect 67. The compound of any one of aspects 59 to 66,
wherein each R 1s interpedently selected from C, _, alkyl.

Aspect 68. The compound of any one of aspects 59 to 66,
wherein each R 1s independently selected from methyl,
cthyl, propyl, and 1sopropyl.

Aspect 69. The compound of any one of aspects 59 to 66,
wherein R® is —NH,,.
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Aspect 70. The compound of aspect 59, wherein the
compound 1s selected from:
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl nicotinate (14);
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)ethyl 1sonicotinate 4 (18);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl nicotinate (29);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl 4-methylnicotinate (54);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl 2-methylnicotinate (55);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl 6-methylnicotinate (56);
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl 2-aminonicotinate (61);
(R)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl nicotinate (67);
(R)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-

bamoyl)oxy)methyl 2-aminonicotinate (73); and

a pharmaceutically acceptable salt of any of the foregoing.

Aspect 71. The compound of any one of aspects 59 to 70,
wherein the compound is the (R)-1somer having the structure
of Formula (1a):

(la)

Aspect 72. The compound of any one of aspects 59 to 71,
wherein the compound 1s the (S)-1somer having the structure
of Formula (1b):

(1b)

c1/ ~F O R! O
L)ko)\o)tpﬁ.

O

R
S

Aspect 73. The compound of any one of aspects 59 to 72,
wherein the compound comprises a hydrochloride salt.

Aspect 74. The compound of aspect 1, wherein,

R' is selected from hydrogen and methyl;

R* is a moiety of Formula (2);

R> is selected from hydrogen and C,_, alkyl;

R* is selected from hydrogen and C,_, alkyl; and

R is selected from C, _, alkyl and —C(=0)—R"'", where

R' is selected from C,_, alkyl.

Aspect 75. The compound of aspect 74, wherein R' is
hydrogen.

Aspect 76. The compound of aspect 74, wherein R' is
methyl.

Aspect 77. The compound of any one of aspects 74 to 76,
wherein the carbon atom to which R' is bonded is in the (S)
configuration.
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Aspect 78. The compound of any one of aspects 74 to 76,
wherein the carbon atom to which R' is bonded is in the (R)
configuration.

Aspect 79. The compound of any one of aspects 74 to 78,
wherein R is hydrogen.

Aspect 80. The compound of any one of aspects 74 to 78,
wherein R> is C, _, alkyl.

Aspect 81. The compound of any one of aspects 74 to 80,
wherein the carbon atom to which R is bonded is in the (S)
configuration.

Aspect 82. The compound of any one of aspects 74 to 80,
wherein the carbon atom to which R is bonded is in the (R)
configuration.

Aspect 83. The compound of any one of aspects 74 to 82,
wherein R* is hydrogen.

Aspect 84. The compound of any one of aspects 74 to 82,
wherein R* 1s C, _, alkyl.

Aspect 85. The compound of any one of aspects 74 to 84,
wherein R” is C, _, alkyl.

Aspect 86. The compound of any one of aspects 74 to 84,
wherein R is —C(=0)—R'°.

Aspect 87. The compound of aspect 1, wherein,

R' is selected from hydrogen and methyl;

R” is a moiety of Formula (4);

nis 1; and

R” is selected from C, . alkyl.

Aspect 88. The compound of aspect 87, wherein R" is
hydrogen.

Aspect 89. The compound of aspect 87, wherein R' is
methyl.

Aspect 90. The compound of any one of aspects 87 to 89,
wherein the carbon atom to which R’ is bonded is in the (S)
coniiguration.

Aspect 91. The compound of any one of aspects 87 to 89,
wherein the carbon atom to which R’ is bonded is in the (R)
configuration.

Aspect 92. The compound of any one of aspects 87 to 91,
wherein R” is hydrogen.

Aspect 93. The compound of any one of aspects 87 to 91,
wherein R® is methyl.

Aspect 94. The compound of aspect 1, wherein,

R' is selected from hydrogen and methyl;

R” is a moiety of Formula (5); and

R’ is selected from C, _, alkyl.

Aspect 95. The compound of aspect 94, wherein R’ is
hydrogen.

Aspect 96. The compound of aspect 94, wherein R’ is
methyl.

Aspect 97. The compound of any one of aspects 94 to 96,
wherein the carbon atom to which R’ is bonded is in the (S)
configuration.

Aspect 98. The compound of any one of aspects 94 to 96,
wherein the carbon atom to which R' is bonded is in the (R)
configuration.

Aspect 99. The compound of any one of aspects 94 to 98,
wherein R’ is methyl.

Aspect 100. The compound of aspect 359, wherein,

R' is selected from hydrogen and methy];

R~ is a moiety of Formula (6); and

R® is selected from —NH.,

Aspect 101. The compound of aspect 100, wherein R' is
hydrogen.

Aspect 102. The compound of aspect 100, wherein R is
methyl.

Aspect 103. The compound of any one of aspects 100 to
102, wherein the carbon atom to which R' is bonded is in the
(S) configuration.
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Aspect 104. The compound of any one of aspects 100 to
102, wherein the carbon atom to which R' is bonded is in the
(R) configuration.

Aspect 105. A pharmaceutical composition comprising
the compound of any one of aspects 1 to 104 or a pharma-
ceutically acceptable salt thereof.

Aspect 106. The pharmaceutical composition of aspect
1035, wherein the pharmaceutical composition comprises an
oral dosage formulation.

Aspect 107. The pharmaceutical composition of any one
of aspects 105 to 106, wherein the pharmaceutical compo-
sition comprises an oral dosage form.

Aspect 108. The pharmaceutical composition of aspect
107, wherein the oral dosage form comprises a controlled
release oral dosage form, a sustained release oral dosage

form, or a combination thereof.

Aspect 109. The pharmaceutical composition of any one
of aspects 107 to 108, wherein the oral dosage form com-
prises a therapeutically effective amount of the compound of
any one of aspects 1 to 104 for treating a neurological
disease of the central nervous system of a patient, a psychi-
atric disease of a patient, or pain of a patient.

Aspect 110. The pharmaceutical composition of any one
of aspects 107 to 109, wherein the oral dosage form com-
prises a therapeutically effective amount of the compound of
any one ol aspects 1 to 104 for treating depression of a
patient.

Aspect 111. A method of providing a therapeutically
cllective amount of a ketamine 1n the systemic circulation of
a patent comprising admimstering to the patient 1n need
thereol, the compound of any one of aspects 1 to 104 or a
pharmaceutically acceptable salt thereof.

Aspect 112. The method of aspect 111, wherein admin-
istering comprises orally administering.

Aspect 113. A method of treating a disease in a patient,
wherein the disease 1s known to be treated by administering,
ketamine, comprising administering to a patient i need
thereol, a pharmaceutically acceptable amount of the com-
pound of any one of aspects 1 to 104 or a pharmaceutically
acceptable salt thereof.

Aspect 114. The method of aspect 113, wherein the
disease 1s a neurological disease of the central nervous
system.

Aspect 115. The method of aspect 113, wherein the
disease 1s a psychiatric disease.

Aspect 116. The method of aspect 113, wherein the
psychiatric disease 1s depression.

Aspect 117. The method of aspect 113, wherein the
psychiatric disease 1s pain.

Aspect 118. The method of any one of aspects 113 to 117,
wherein administering comprises orally administering.

Aspect 119. The method of any one of aspects 113 to 118,
wherein administering comprises administering an oral dos-
age form.

Aspect 120. The method of aspect 119, wherein the oral
dosage form comprises a controlled release oral dosage
form, a sustained release oral dosage form, or a combination
thereol.

Aspect 121. The method of any one of aspects 113 to 120,
wherein the method further comprises administering to the
patient at least one additional therapeutic agent for treating,
the disease.

Aspect 122. The method of any one of aspects 113 to 121,
wherein, following administration, the compound provides a
therapeutically eflective amount of (R)-ketamine, (S)-ket-
amine, a metabolite of any of the foregoing, or a combina-
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tion of any of the foregoing 1n the systemic circulation of the
patient for treating the disease.

Aspect 123. A method of treating a disease 1n a patient,
wherein the disease 1s known to be treated by administering
ketamine, comprising administering to a patient i need
thereol, a pharmaceutically acceptable amount of the phar-
maceutical composition of any one of aspects 105 to 110.

Aspect 124. The method of aspect 123, wherein the
disease 1s a neurological disease of the central nervous
system.

Aspect 125. The method of aspect 123, wherein the
disease 1s a psychiatric disease.

Aspect 126. The method of aspect 123, wherein the
psychiatric disease 1s depression.

Aspect 127. The method of aspect 123, wherein the
psychiatric disease 1s pain.

Aspect 128. The method of any one of aspects 123 to 127,
wherein admimstering comprises orally administering.

Aspect 129. The method of any one of aspects 123 to 128,
wherein administering comprises administering an oral dos-
age form.

Aspect 130. The method of aspect 129, wherein the oral
dosage form comprises a controlled release oral dosage
form, a sustained release oral dosage form, or a combination

thereof.

Aspect 131. The method of any one of aspects 123 to 130,
wherein the method further comprises administering to the
patient at least one additional therapeutic agent for treating,
the disease.

Aspect 132. The method of any one of aspects 123 to 131,
wherein, following administration, the pharmaceutical com-
position provides a therapeutically eflective amount of (R)-
ketamine, (S)-ketamine, a metabolite of any of the forego-
ing, or a combination of any of the foregoing in the systemic
circulation of the patient for treating the disease.

EXAMPLES

The following examples describe 1n detail the synthesis of
compounds of Formula (1), the characterization of com-
pounds of Formula (1), and uses of compounds of Formula
(1). It will be apparent to those skilled 1n the art that many
modifications, both to materials and methods, may be prac-
ticed without departing from the scope of the disclosure.

Example 1

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 3-hydroxy-2-
(hydroxymethyl)-2-methylpropanoate (1)

/@ O
Cl 3 c1)J\

DIPEA, DCM
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O
HO OH
OH
Fhow--
Nal, Et3N, Acetone
1b
OH
OH

To a solution of S-ketamine hydrochloride 1a (274 mg,
1.0 mmol) and N,N-disisopropylethylamine (DIPEA) (260
mg, 1.0 mmol) in DCM (10 mL) was added 1-chloroethyl
carbonochloridate (172 mg, 1.2 mmol) slowly at 0° C. The
reaction was stirred at 25° C. for 1.5 h. The reaction was
diluted with DCM (10 mL) and washed with water (10 mL)
and brine (10 mL). The organic layer was dried over
MgSQO,, filtered and concentrated to provide an o1l, which

was purified on silica gel column eluting with Hexane/EA
(1/1 to 3/1) to afford 276 mg (79% vyield) of 1b as a white

solid. '"H NMR (500 MHz, CDCL,): 8 1.60-1.96 (m, 6H),
1.99-2.10 (m, 1H), 2.32-2.56 (m, 1H), 2.57-2.63 (m, 1H),
2.67-2.84 (m, 1H), 3.01 and 3.07 (two s, total 3H), 3.22-3.40
(m, 1H), 6.48-6.60 (m, 1H), 6.91-7.04 (m, 1H), 7.22-7.30
(m, 2H), 7.43-7.49 (m, 1H).

To a solution of 1b (150 mg, 0.44 mmol), Nal (65 mg,
0.44 mmol) and 3-hydroxy-2-(hydroxymethyl)-2-methyl-
propanoic acid (292 mg, 2.18 mmol) 1n acetone (1.7 mL)
was added triethylamine (0.31 mL, 2.18 mmol). The reac-
tion was stirred at 25° C. for 5 h. The reaction was
concentrated and re-dissolved in EA (20 mL), washed with
H,O (8 mL), NaHCO;,,, (2 mL) and brine (5 mL). The
organic layer was dried over MgSO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 4/6) to aflord 95 mg
(49% vyield) of the title compound the title compound 1 as a
colorless oil. "H NMR (DMSO-d,, 500 MHz): & 7.46 (m,
1H), 7.30 (m, 2H), 6.96 (d, J=7.1 Hz, 1H), 6.61 (q, J=5.4 Hz,
1H), 4.72 (m, 2H), 3.44-3.52 (m, 4H), 3.10-3.18 (m, 1H),
2.95 (d, J=9.0 Hz, 3H), 2.50-2.65 (m, 1H), 2.26-2.37 (m,
2H), 1.99 (bs, 1H), 1.68 (bs, 3H), 1.46 (bs, 3H), 1.02 (bs,
3H). LCMS (ESI): m/z calculated for [C,,H,;CINO-+H]|"
442.16, found 442.20 [M+H]".
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Example 2

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl (25)-5-
oxopyrrolidine-2-carboxylate (2)

Nal, EtzN, Acetone

To a solution of 1b (100 mg, 0.29 mmol), Nal (43 mg,
0.29 mmol) and (S)-5-oxopyrrolidine-2-carboxylic acid
(188 mg, 1.46 mmol) m acetone (1.2 mL) was added
triecthylamine (0.20 mL, 1.46 mmol). The reaction was
stirred at 25° C. for 5 h and then concentrated. The mixture
was diluted with EA (20 mL) and filtered. The filtrate was
concentrated and then purified on silica gel column eluting
with Hexane/EA (1/0 to 4/6) to afford 50 mg (39% vield) of
the title compound 2 as a white foam. 'H NMR (CDCl,, 500
MHz): 6 7.44 (m, 1H), 7.23-7.27 (m, 2H), 6.97 (bs, 1H),
6.73-6.79 (m, 1H), 6.22-6.57 (m, 1H), 4.19-4.25 (m, 1H),
3.29-3.33 (m, 1H), 3.02 (bs, 3H), 2.66-2.71 (m, 1H), 2.54-
2.59 (m, 1H), 2.27-2.44 (m, 5H), 2.01 (m, 1H), 1.88 (bs,
1H), 1.73 (m, 2H), 1.48 (bs, 3H). LCMS (ESI): m/z calcu-
lated for [C,,H,.CIN,O+H]® 437.14, found 437.21
[M+H]".

Example 3

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl acetylglyci-
nate

Cl Nal, Et3N, Acetone
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-continued

‘ X
PSS

—
"y
.
L]
L]
L]
L ]

O

To a solution of 1b (172 mg, 0.5 mmol), Nal (75 mg, 0.5
mmol) and acetylglycine (176 mg, 1.5 mmol) 1n acetone (6
ml) was added triethylamine (0.35 mlL, 2.5 mmol). The

reaction was heated to 70° C. for 16 h. The reaction was
concentrated and re-dissolved in DCM (10 mL), washed
with NaHCO;,,,, (10 mL) and brine (10 mL). The organic
layer was dried over MgSO,, filtered and concentrated to
provide an oil, which was purified on silica gel column
cluting with Hexane/EA (1/0 to 1/2) to afford 110 mg (35%
yield) of the title compound 3 as a white foam. '"H NMR
(500 MHz, methanol-d,): 1.51 (br, 3H), 1.77-1.83 (m, 3H),
2.01 (m, 3H), 2.05 (m, 1H), 2.33-2.46 (m, 2H), 2.67-2.82
(m, 1H), 3.03 and 3.05 (two s, total 3H), 3.36 (m, 1H),
3.87-3.97 (m, 2H), 6.76 (m, 1H), 7.04 (m, 1H), 7.30 (m, 2H),
745 (m, 1H). LCMS (ESI): m/z calculated {for
[C,H,sCIN,O+H]" 425.14, found 425.30 [M+H]".

Example 4

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl (tert-butoxy-
carbonyl)glycinate (4)

Nal, Et3N, Acetone

Cl

To a solution of 1b (86 mg, 0.25 mmol), Nal (37 mg, 0.25
mmol) and (tert-butoxycarbonyl)glycine (131 mg, 0.75
mmol) 1n acetone (1 mL) was added triethylamine (0.18 mL,
1.25 mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 5/1) to aflord 86 mg
(71% vyield) of the title compound 4 as a white foam. "H
NMR (500 MHz, CDCl;): 1.46 (m, 12H), 1.76 (m, 2H), 1.89
(m, 1H), 2.06 (m, 1H), 2.36 (m, 1H), 2.56-2.60 (m, 1H), 2.71

10

15

20

25

30

35

40

45

50

55

60

65

40

(m, 1H), 3.00 and 3.05 (two s, total 3H), 3.83-3.99 (m, 2H),
5.04 (br, 1H), 6.79-6.84 (m, 1H), 6.98 (m, 1H), 7.25 (m, 2H),
745 (m, 1H). LCMS (ESI): m/z calculated for
|C,.H;,CIN,O.+H]" 483.18, found 483.13 [M+H]".

Example 5

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl (tert-butoxy-
carbonyl)-L-valinate (35)

/O)LJ\ &T\K

Nal, EtzN, Acetone

N\J\O/I\OJI%TOK

Cl

O

To a solution of 1b (86 mg, 0.25 mmol), Nal (37 mg, 0.25
mmol) and (tert-butoxycarbonyl)-L-valine (163 mg, 0.75
mmol) 1 acetone (1 mL) was added triethylamine (0.18 mL,
1.25 mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO;,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 5/1) to afford 109
mg (83% yield) of the title compound 5 as a white foam. 'H
NMR (500 MHz, CDCI,): 0.78-0.93 (m, 6H), 1.43-1.44 (m,
11H), 1.72 (m, 3H), 1.87 (m, 1H), 2.03-2.09 (m, 1H),
2.36-2.39 (m, 1H), 2.56-2.539 (m, 1H), 2.64-2.74 (m, 1H),
2.98 and 3.00 (two s, total 3H), 3.25-3.35 (m, 1H), 4.20 (m,
1H), 5.00 (m, 1H), 6.80 (m, 1H), 6.96 (m, 1H), 7.23 (m, 2H),
742 (m, 1H). LCMS (ESI): m/z calculated {for
|C, H;,CIN,O+H]" 525.23, found 525.17 [M+H]".

Example 6

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 2-(3-methyl-
oxetan-3-yl)acetate (6)

Nal, Et3N, Acetone
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To a solution of 1b (262 mg, 0.76 mmol), Nal (114 mg,
0.76 mmol) and 2-(3-methyloxetan-3-yl)acetic acid (296

mg, 2.28 mmol) 1n acetone (9 mL) was added triethylamine
(0.53 mL, 3.8 mmol). The reaction was heated to 70° C. for

3 h. The reaction was concentrated and redissolved in DCM
(5 mL), washed with H,O (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 3/1) to aflord a
yellow oil. Ether (3 mL) was added, filtered and the solid
was washed with cold ether to afford 102 mg (31% vyield) of
the title compound 6 as a white solid. "H NMR (500 MHz,
methanol-d,): 1.38 (s, 3H), 1.48 (br, 3H), 1.76-1.84 (m, 3H),
2.05 (m, 1H), 2.36 (d, J=15.2 Hz, 1H), 2.46 (d, J=13.5 Hz,
1H), 2.70 (m, 1H), 2.73 (s, 2H), 3.04 (s, 3H), 3.36 (m, 1H),
4.36 (m, 2H), 4.59 (m, 2H), 6.70 (m, 1H), 7.07 (m, 1H), 7.29
(m, 2H), 7.45 (m, 1H). LCMS (ESI): m/z calculated for

[C,,H,.CINO +H]* 438.16, found 438.39 [M+H]*.

The filtrate was concentrated to provide an o1l and stored
at —20° C. to get a sticky solid. The mixture was diluted with
cther (2 mL) and collected the filtrate. The filtrate was
concentrated to aflford 40 mg (12% yield) of the 6 (S)-1somer
as a colorless oil. "H NMR (500 MHz, methanol-d,):
1.32-1.40 (m, 3H), 1.49 (br, 3H), 1.72-1.92 (m, 3H), 2.05
(m, 1H), 2.41 (d, J=11.8 Hz, 1H), 2.49 (d, J=11.7 Hz, 1H),
2.63-2.74 (m, 2H), 2.75-2.84 (m, 1H), 3.03 (s, 3H), 3.36 (m,
1H), 4.36 (m, 2H), 4.59 (m, 2H), 6.73 (m, 1H), 7.04 (m, 1H),
7.30 (m, 2H), 7.46 (m, 1H).

Example 7

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl acetyl-L-
alaninate (/)

O

ISN g

Nal, Et3N, Acetone

Dy

e
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To a solution of 1b (172 mg, 0.5 mmol), Nal (150 mg, 1.0
mmol) and (S)-2-acetamidopropanoic acid (328 mg, 2.5
mmol) 1 acetone (6 mL) was added triethylamine (0.35 mL,
2.5 mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO; .,y (5 mL) and brine (5 mL). The

organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/1) to afford 149

mg (68% vield) of the title compound 7 as a white foam. 'H
NMR (600 MHz, DMSO-d,): 6 1.16-1.28 (m, 3H), 1.32-
1.60 (m, 3H), 1.60-1.76 (m, 3H), 1.81-1.85 (m, 3H), 1.93-
2.01 (m, 1H), 2.26-2.36 (m, 2H), 2.54-2.72 (m, 1H), 2.95
and 2.98 (two s, total 3H), 3.05-3.19 (m, 1H), 4.14-4.25 (m,
1H), 6.59-6.67 (m, 1H), 6.91-6.99 (m, 1H), 7.30-7.36 (m,
2H), 7.43-7.49 (m, 1H), 8.25-8.35 (m, 1H). LCMS (ESI):
m/z calculated for [C,,H,,CIN,O.+H]® 439.16, found
439.29 [M+H]".

Example 8

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl acetyl-L-
valinate (8)

i oes

Nal, Et3;N, Acetone

Cl

X

J\J\)JI\(

To a solution of 1b (172 mg, 0.5 mmol), Nal (150 mg, 1.0
mmol) and (8)-2-acetamido-3-methylbutanoic acid (239
mg, 1.5 mmol) 1 acetone (6 mL) was added triethylamine

(0.35 mL, 2.5 mmol). The reaction was heated to 70° C. for
16 h. The reaction was concentrated and redissolved 1n
DCM (5 mL), washed with NaHCO;,,,,, (5 mL) and brine (5
mL). The organic layer was dried over MgSO,, filtered
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 1/1) to ail

ord
159 mg (68% vyield) of the title compound 8 as a white foam.
'"H NMR (500 MHz, DMSO-d,): 8§ 0.70-0.95 (m, 6H),
1.30-1.55 (m, 3H), 1.60-1.79 (m, 3H), 1.88 (s, 3H), 1.90-
2.08 (m, 1H), 2.22-2.41 (m, 2H), 2.55-2.70 (m, 1H), 2.95
and 2.97 (two s, total 3H), 3.05-3.20 (m, 2H), 4.10-4.25 (m,
1H), 6.55-6.78 (m, 1H), 6.92-7.05 (m, 1H), 7.25-7.43 (m,
2H), 7.45-7.55 (m, 1H), 8.10-8.35 (m, 1H). LCMS (ESI):
m/z calculated for [C,;H;,CIN,O.+H]|" 467.19, found
467.29 [M+H]".
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Example 9

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 3-hydroxy-2-
(hydroxymethyl)propanoate (9)

O

Ho)k/\o
\o)\ Ph

Nal, Et3N, Acetone

Pd(OH),,

JLJ\)J\O\
)U\)J\C

To a solution of 1b (172 mg, 0.5 mmol), Nal (75 mg, 0.5
mmol) and 2-phenyl-1,3-dioxane-5-carboxylic acid (520
mg, 2.5 mmol) 1 acetone (6 mL) was added triethylamine
(0.35 mL, 2.5 mmol). The reaction was heated to 70° C. for
16 h. The reaction was concentrated and redissolved 1n
DCM (10 mL), washed with NaHCO,,,,,, (10 mL) and brine
(10 mL). The organic layer was dried over MgSQO,,, filtered
and concentrated to provide an oil, which was purified on
silica gel column eluting with Hexane/EA (1/0 to 4/1) to
afford 175 mg (68% vyield) of 9a as a white foam. "H NMR
(500 MHz, methanol-d,): 61.51 (br, 3H), 1.76-1.81 (m, 3H),
2.07 (m, 1H), 2.35-2.50 (m, 2H), 2.70-2.81 (m, 1H), 3.08
(m, 4H), 3.36 (m, 1H), 4.00 (m, 2H), 4.37 (m, 2H), 5.42 (s,
1H), 6.70 (m, 1H), 7.06 (m, 1H), 7.29-7.35 (m, 5H),
7.42-7.47 (m, 3H). LCMS (ESI): m/z calculated {for
|C,-H,,CINO,+H]™ 516.17, found 516.25 [M+H]".

To a solution of 9a (100 mg, 0.19 mmol) in EA (10 mL)
was added Pd(OH),/C (11 mg). The reaction was stirred at
25° C. under H, ., (1 atm) for 50 min. The reaction was
filtered through a pad of celite and concentrated to provide
an o1l, which was purified on silica gel column eluting with
Hexane/EA (1/0 to 1/4) to aflord 40 mg (49% vyield) of the
title compound 9 as a white foam. 'H NMR (500 MHz,
acetone-dy): 01.47 (br, 3H), 1.76-1.80 (m, 3H), 2.38 (m,
2H), 2.71 (m, 2H), 2.87 and 3.02 (two s, total 3H), 3.23-3.34
(m, 1H), 3.77-3.83 (m, 5H), 6.73 (m, 1H), 7.10 (m, 1H),
7.28-7.34 (m, 2H), 7.44 (m, 1H). LCMS (ESI): m/z calcu-
lated for [C,H, CINO,+H]" 428.14, found 428.06 [M+H]".

Cl

o
Ay
-
.
[ 3

L
-

O

5

10

15

20

25

30

35

40

45

50

55

60

65

44

Example 10

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 2-(((3-meth-
yloxetan-3-yl)methyl)sulfinyl)acetate (10)

Nal, Et3N, Acetone

,[ j 0
Cl 3 )\ )]\/ \>C/ NalO4/ILO
: MeOH

10a

\J\J\)‘\,b@

10

To a solution of 1b (172 mg, 0.5 mmol), Nal (75 mg, 0.5
mmol) and 2-(((3-methyloxetan-3-yl)-methyl)thio)acetic
acid (264 mg, 1.5 mmol) in acetone (6 mL) was added
triethylamine (0.35 mL, 2.5 mmol). The reaction was heated
to 70° C. for 2 h. The reaction was concentrated and
re-dissolved i DCM (5 mL), washed with NaHCO;,,, (5
mL) and brine (5 mL). The organic layer was dried over
MgSQO,, filtered and concentrated to provide an o1l, which
was purified on silica gel column eluting with Hexane/EA
(1/0 to 2/1) to atford 180 mg (74% vyield) of 10a as a yellow
oil. "H NMR (500 MHz, Acetone-d,): & 1.20-1.35 (m, 3H),
1.40-1.65 (m, 3H), 1.70-1.90 (m, 3H), 2.30-2.60 (m, 3H),
2.65-2.80 (m, 1H), 2.95-3.00 (m, 2H), 3.04 and 3.07 (two s,
total 3H), 3.20-3.45 (m, 3H), 4.20-4.30 (m, 2H), 4.35-4.50
(m, 2H), 6.75-6.85 (m, 1H), 7.05-7.15 (m, 1H), 7.25-7.40
(m, 2H), 7.45-7.50 (m, 1H). LCMS (ESI): m/z calculated for
[C,3H; CINOS+H]" 484.15, found 484.10 [M+H]".

To a solution of 10a (140 mg, 0.29 mmol) in MeOH (1.4
ml.) was added a solution of NalO,, (62 mg, 0.29 mmol) in
H,O (0.7 mL) dropwise at 0° C. The reaction was stirred at

25° C. for 16 h, filtered and collected the filtrate. The filtrate
was concentrated and purified on silica gel column eluting

with DCM/MeOH (1/0 to 98/2) to afford 38 mg (26% vyield)
of the title compound 10 as a white foam. "H NMR (500
MHz, DMSO-d,): 0 1.43-1.51 (m, 6H), 1.68 (m, 3H), 1.98
(m, 1H), 2.30 (m, 2H), 2.60 (m, 1H), 2.96 (m, 3H), 3.01 (m,
1H), 3.14 (m, 1H), 3.42 (m, 1H), 3.98 (m, 1H), 4.10 (m, 1H),
4.21 (m, 1H), 4.28 (m, 1H), 4.48 (m, 1H), 4.59 (m, 1H), 6.70
(m, 1H), 6.98 (m, 1H), 7.33 (m, 2H), 7.46 (m, 1H). LCMS
(ESI): m/z calculated for [C,;H,,CINO,S+H]*™ 3500.14,
found 500.1 [M+H]".
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Example 11

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamovl)oxy)ethyl 2-(((3-meth-
yloxetan-3-yl)methyl)sulfonyl)acetate (11)

Oxone
o
MeOH

A
\ O

11

To a solution of 10a (141 mg, 0.29 mmol) 1n MeOH (1.1
ml.) was added a solution of Oxone (356 mg, 0.58 mmol) in
H,O (0.9 mL) dropwise at 0° C. The reaction was stirred at
25° C. for 16 h. The reaction was concentrated and re-
dissolved 1n DCM (5 mL), washed with H,O (5 mL). The
organic layer was dried over MgSQO,, filtered concentrated to
provide an oil, which was purified on silica gel column
cluting with Hexane/EA (1/0 to 1/1) to afford 42 mg (29%
yield) of the title compound 11 as a white foam. '"H NMR
(500 MHz, acetone-dy): 6 1.25-1.36 (m, 1H), 1.41-1.68 (m,
7H), 1.70-1.88 (m, 4H), 2.34-2.56 (m, 2H), 3.04 and 3.07
(two s, total 3H), 3.16-3.38 (m, 1H), 3.74-3.88 (m, 2H),
4.20-436 (m, 3H), 4.58-4.70 (m, 2H), 6.77-6.88 (m, 1H),
7.06-7.15 (m, 1H), 7.27-7.40 (m, 2H), 7.41-7.50 (m, 1H).
LCMS (ESI): m/z calculated for [C, H,;,CINO,S+H]"
516.14, found 516.24 [M+H]".

Example 12

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl (2R)-2-hy-
droxypropanoate (12)

O

Mo
HO :

Nal, Et3N, Acetone
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-continued

®
F

0O 0

Cl/\:/)‘\ /I\ )‘\/
OH
et N 0 O :

12

To a solution of 1b (172 mg, 0.5 mmol), Nal (75 mg, 0.5
mmol) and R-lactic acid (227 mg, 2.5 mmol) 1n acetone (6
ml) was added triethylamine (0.35 mL, 2.5 mmol). The

reaction was heated to 70° C. for 3.5 h. The reaction was
concentrated and re-dissolved in DCM (10 mL), washed

with H,O (10 mL) and brine (10 mL). The organic layer was

dried over MgSQO,, filtered and concentrated to provide an

o1l, which was purified on silica gel column eluting with
Hexane/EA (1/0 to 2/1) to afford 100 mg (50% yield) of the
title compound 12 as a white foam. 'H NMR (500 MHz,
DMSO-d;): 0 1.24 (m, 3H), 1.46 (m, 3H), 1.68 (m, 3H), 1.98
(br, 1H), 2.32 (m, 2H), 2.58 (m, 1H), 2.96 (m, 3H), 3.13 (i,
1H), 4.11 (m, 1H), 5.47-5.56 (m, 1H), 6.64 (im, 1H), 6.94 (m,
1H), 7.32 (m, 2H), 7.46 (m, 1H). LCMS (ESI): m/z calcu-
lated for [C, H, ,CINO+H]* 398.13, found 398.13 [M+H]".

Example 13

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamovl)oxy)ethyl (2R)-2-ac-
ctoxypropanoate (13)

JU\JK/

13

To a solution of 1b (172 mg, 0.5 mmol), Nal (79 mg,

0.525 mmol) and (R)-2-acetoxypropanoic acid (172 mg, 0.5
mmol) 1n acetone (6 mL) was added triethylamine (0.35 mL,
2.5 mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and dissolved 1n DCM (5 mL),
washed with NaHCO,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 65/35) to aflord 204
mg (93% vyield) of the title compound 13 as a white foam.
'H NMR (500 MHz, DMSO-d,): 8 1.20-1.55 (m, 6H),
1.56-1.69 (m, 4H), 2.06-2.10 (m, 3H), 2.25-2.42 (m, 2H),
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2.55-2.65 (m, 1H), 2.97 (d, J=6.4 Hz, 3H), 3.05-3.21 (m,
1H), 4.85-5.02 (m, 1H), 6.60-6.70 (m, 1H), 6.90-7.05 (m,
1H), 7.21-7.39 (m, 2H), 7.41-7.48 (m, 1H). LCMS (ESI):
m/z calculated for [C,,H, CINO,+H]™ 440.14, found 440.0
[M+H]™.

Example 14

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl nicotinate

(14)

O
HO Ny
/
2
Cl Nal, Et3N, Acetone
X
/
e N ‘ NN
/

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and nicotinic acid (92 mg, 0.75 mmol) 1 acetone (3
ml) was added triethylamine (0.18 mL, 1.25 mmol). The
reaction was heated to 70° C. for 3 h. The reaction was
concentrated and redissolved in DCM (5 mL), washed with
NaHCO;,,, (5 mL) and brine (5 mL). The organic layer was
dried over MgSO,, filtered and concentrated to provide an
o1l, which was purified on silica gel column eluting with
Hexane/EA (1/0 to 3/1) to aflord 47 mg (47% vield) of the
title compound 14 as a white solid. 'H NMR (500 Mz,
acetone-dy): 0 1.46-1.88 (m, 6H), 2.28-2.62 (m, 3H), 2.66-
278 (m, 1H), 3.07 and 3.11 (two s, total 3H), 3.18-3.38 (m,
1H), 6.94-7.06 (m, 1H), 7.08-7.18 (m, 1H), 7.22-7.36 (m,
2H), 7.40-7.50 (m, 1H), 7.54-7.62 (m, 1H), 8.18-8.40 (m,
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1H), 8.78-8.88 (m, 1H), 9.04-9.24 (m, 1H). LCMS (ESI): ¢5

m/z calculated for [C,.H,;CIN,O.+H]"
431.16 [M+H]".

431.13, found

48

Example 15

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 3-benzylben-
zoate (15)

1

Nal, Et3N, Acetone

/

\

OC
N

To a solution of 1b (34 mg, 0.16 mmol), Nal (25 mg, 0.17

mmol) and 3-benzylbenzoic acid (100 mg, 0.47 mmol) in
acetone (2 mL) was added triethylamine (0.11 mL, 0.785
mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and dissolved 1n DCM (5 mL),
washed with NaHCO,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 4/1) to afford 60 mg
(74% vield) of the title compound 15 as a colorless solid. 'H
NMR (500 MHz, methanol-d,): 6 1.51-1.69 (m, 2H), 1.70-
1.88 (m, 3H), 1.97-2.12 (m, 1H), 2.29-2.48 (m, 2H), 2.68-
2.80 (m, 1H), 3.05 (d, J=12.9 Hz, 3H), 3.24-3.30 (m, 1H),
3.32-3.44 (m, 1H), 4.05 (d, J=4.3 Hz, 2H), 6.92-6.97 (m,
1H), 7.01-7.08 (m, 1H), 7.13-7.22 (m, 4H), 7.23-7.33 (m,
3H), 7.35-7.45 (m, 2H), 7.46-7.51 (m, 1H), 7.76-7.92 (m,
2H). LCMS (ESI): m/z calculated for [C;,H;,CINO+H]"
520.18, found 520.42 [M+H]".

Example 16

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl benzo[d][1,
3]dioxole-5-carboxylate (16)

HO

Nal, EtzN, Acetone
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-continued

Ao

To a solution of 1b (86 mg, 0.25 mmol), Nal (39 mg, 0.26

mmol) and benzo[d][1,3]dioxole-5-carboxylic acid (125 mg,
0.75 mmol) 1 acetone (3 mL) was added triethylamine (0.18
ml., 1.25 mmol). The reaction was heated to 70° C. for 16
h. The reaction was concentrated and dissolved 1n DCM (5
ml.), washed with NaHCO,,,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an o1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 7/3) to atford 110
mg (93% yield) of the title compound 16 as a white solid. 'H
NMR (500 MHz, methanol-d,): ¢ 1.43-1.70 (m, 3H), 1.71-
1.90 (m, 3H), 2.03-2.15 (m, 1H), 2.28-2.52 (m, 2H), 2.65-
2.87 (m, 1H), 3.07 (d, J=15.4 Hz, 3H), 3.34-3.45 (m, 1H),
6.08 (s, 2H), 6.87-6.96 (m, 2H), 7.02-7.12 (m, 1H), 7.22-
7.33 (m, 2H), 7.34-7.50 (m, 2H), 7.57-7.72 (m, 1H). LCMS
(ESI): m/z calculated for [C, ,H,,CINO,+H]* 474.12, found
474.3 [M+H]".

Example 17

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 1-methylpip-
eridine-4-carboxylate (17)

HO

AN

Nal, Et;N, DMSO

aae]

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and 1-methylpiperidine-4-carboxylic acid (117 mg,
0.82 mmol) in DMSO (1 mL) was added triethylamine (0.18
ml., 1.25 mmol). The reaction was stirred at 25° C. for 3 h.
The reaction was concentrated and then purified on silica gel
column eluting with DCM/MeOH (1/0 to 95/5) to aflord 23

mg (20% yield) of the title compound 17 as a yellow oil. 'H
NMR (600 MHz, methanol-d,): ¢ 1.38-1.66 (m, 3H), 1.72-

1.90 (m, 5H), 1.92-2.02 (m, 2H), 2.06-2.12 (m, 1H), 2.28-
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2.62 (m, 8H), 2.68-2.82 (m, 1H), 2.86-3.14 (m, 2H), 3.05
and 3.07 (two s, total 3H), 3.31-3.40 (m, 1H), 6.68-6.77 (m,
1H), 6.98-7.08 (m, 1H), 7.26-7.37 (m, 2H), 7.44-7.50 (m,
1H). LCMS (ESI): mv/z calculated for [C, H,,CIN,O.+H]"
451.19, found 451.2 [M+H]".

Example 18

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl isonicotinate

(18)

‘/\
C/\ZJ\)\ *O

Nal, Et3N, Acetone

1b

18

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and 1sonicotinic acid (92 mg, 0.75 mmol) 1n acetone
(3 mL) was added triethylamine (0.18 mL, 1.25 mmol). The
reaction was heated to 70° C. for 3 h. The reaction was
concentrated and dissolved in DCM (5 mL), washed with
NaHCO; (,,, (5 mL) and brine (5 mL). The organic layer
was dried over MgSQO,, filtered and concentrated to provide
an o1l, which was purified on silica gel column eluting with

Hexane/EA (1/0 to 8/2) to atlord 50 mg (46% vield) of the
title compound 18 as a white solid. "H NMR (500 MHz,
acetone-ds): 0 1.50-1.87 (m, 6H), 2.32-2.534 (m, 3H), 2.65-
2.78 (m, 1H), 3.04-3.13 (m, 3H), 3.17-3.35 (m, 1H), 6.96-
7.04 (m, 1H), 7.07-7.17 (m, 1H), 7.23-7.36 (m, 2H), 7.39-
7.48 (m, 1H), 7.77-7.92 (m, 2H), 8.78-8.86 (m, 2H). LCMS
(ESI): m/z calculated for [C,,H,,CIN,O.+H]" 431.13,
found 430.8 [M+H]".

Example 19

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 1sobu-

tyrylglycinate (19)

O

)J\/H
N
HO
O

Nal, Et3N, Acetone

Cl
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\/\
Cl :
O
19

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and 2-1sobutyramido)acetic acid (109 mg, 0.75
mmol) 1 acetone (3 mL) was added triethylamine (0.18 mL,
1.25 mmol). The reaction was heated to 70° C. for 16 h. The

reaction was concentrated and dissolved 1n DCM (5 mL),
washed with NaHCO,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/1) to afford 57 mg
(50% vield) of the title compound 19 as a white solid. 'H
NMR (500 MHz, methanol-d,): 6 1.12-1.16 (m, 6H), 1.52 (s,
2H), 1.72-1.89 (m, 3H), 2.03-2.12 (m, 1H), 2.32-2.56 (m,
3H), 2.66-2.85 (m, 1H), 3.00-3.08 (m, 3H), 3.25-3.40 (m,
2H), 3.84-4.01 (m, 2H), 6.70-6.78 (m, 1H), 7.01-7.10 (m,
1H), 7.26-7.35 (m, 2H), 7.44-7.47 (m, 1H). LCMS (ESI):
m/z calculated for [C,,H,,CIN,O.+H]|" 453.17, found 452.6
[M+H]™.

Example 20

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 3-acetami-
dopropanoate (20)

Nal, Et3N, Acetone

JL/U‘\/\JJ\

20

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and 3-acetamidopropanoic acid (98 mg, 0.75 mmol)
in acetone (3 mL) was added triethylamine (0.18 mL, 1.25
mmol). The reaction was heated to 70° C. for 22 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/2) to afford 20 mg
(18% vield) of the title compound 20 as a light-yellow oil.

10

15

20

25

30

35

40

45

50

55

60

65

52

"H NMR (600 MHz, DMSO-d,): 8 1.30-1.75 (m, 7H), 1.78
(d, J=2.4 Hz, 3H), 1.90-2.05 (m, 1H), 2.20-2.45 (m, 3H),
2.55-2.65 (m, 1H), 2.95 and 2.97 (two s, total 3H), 3.00-3.25
(m, 3H), 6.55-6.70 (m, 1H), 6.90-7.10 (m, 1H), 7.25-7.60
(m, 3H), 7.80-7.90 (m, 1H). LCMS (ESI): m/z calculated for
|C,,H,,CIN,O+H]" 439.16, found 438.9 [M+H]".

Example 21

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl 4-acetami-
dobutanoate (21)

Nal, EtzN, Acetone

)k/L)k/\/\l(

21

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and 4-acetamidobutanoic acid (109 mg, 0.75 mmol)
in acetone (3 mL) was added triethylamine (0.18 mL, 1.25
mmol). The reaction was heated to 70° C. for 22 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO;,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/2) to afiord 72 mg
(64% vyield) of the title compound 21 as a white foam. 'H
NMR (600 MHz, DMSO-d,): 0 1.30-1.55 (m, 3H), 1.56-
1.76 (m, 5H), 1.78 (d, J=2.7 Hz, 3H), 1.94-2.04 (m, 1H),
2.23-2.40 (m, 4H), 2.54-2.65 (m, 1H), 2.95 and 2.97 (two s,
total 3H), 2.99-3.07 (m, 2H), 3.09-3.19 (m, 1H), 6.58-6.66
(m, 1H), 6.92-7.00 (m, 1H), 7.28-7.36 (m, 2H), 7.44-7.49
(m, 1H), 7.80-7.88 (m, 1H). LCMS (ESI): m/z calculated for
|C, . H,,CIN,O+H]* 453.17, found 452.9 [M+H]".

Example 22

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 2-(3-methyl-
oxetan-3-yl)acetate (22)

/O )J\
Cl ? o /\

DIPEA, DCM
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Nal, EtzN, Acetone

To a solution of S-ketamine hydrochloride 1a (102 mg,

0.375 mmol) and DIPEA (97 mg, 0.75 mmol) in DCM (3.75
ml.) was added chloromethyl chloroformate (121 mg, 0.94
mmol) slowly at 0° C. The reaction was stirred at 25° C. for

24 h. The reaction was diluted with DCM (5 mL) and

washed with water (5 mL) and brine (5 mL). The organic
layer was dried over MgSO4, filtered and concentrated to
provide an oil, which was purified on silica gel column
cluting with Hexane/EA (1/0 to 9/1) to afford 93 mg (75%
yield) of 22a as a white solid. '"H NMR (500 MHz, acetone-
de): 0 1.68-1.90 (m, 4H), 2.42-2.49 (m, 1H), 2.50-2.59 (m,
1H), 2.65-2.75 (m, 1H), 3.07 (s, 3H), 3.20-3.33 (m, 1H),
5.88 (s, 2H), 7.05-7.13 (m, 1H), 7.28-7.36 (m, 2H), 7.43-
7.50 (m, 1H). LCMS (ESI): m/z calculated {for
[C,-H,,Cl,N,O,+H]" 330.06, found 330.2 [M+H]".

To a solution of 22a (82 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and 2-(3-methyloxetan-3-yl)acetic acid (98 mg, 0.75
mmol) 1n acetone (3 mL) was added K,CO, (173 mg, 1.25
mmol). The reaction was heated to 70° C. for 2 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO;,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/2) to aflord 84 mg
(80% vield) of the title compound 22 as a white solid. "H
NMR (500 MHz, acetone-d,): 6 1.39 (s, 3H), 1.68-1.88 (m,
3H), 1.98-2.09 (m, 1H), 2.41-2.53 (m, 2H), 2.65-2.73 (m,
1H), 2.77 (s, 2H), 3.03 (s, 3H), 3.19-3.32 (m, 1H), 4.28 (d,
J=5.85 Hz, 2H), 4.50 (d, J=5.85 Hz, 2H), 5.66-5.86 (m, 2H),
7.05-7.11 (m, 1H), 7.28-7.35 (m, 2H), 7.42-7.48 (m, 1H).
LCMS (ESI): m/z calculated for [C,,H,CINO+H]"
424.14, found 424.5 [M+H]".
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Example 23

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl oxetane-3-
carboxylate (23)

Nal, Et3N, Acetone

23

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and oxetane-3-carboxylic acid (77 mg, 0.75 mmol) in
acetone (3 mL) was added triethylamine (0.18 mL, 1.25
mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (7/3) to atlord 40 mg (49%
yield) of the title compound 26 as a light yellow oil. 'H
NMR (600 MHz, acetone-d;): 6 1.33-1.64 (m, 3H), 1.68-
1.90 (m, 4H), 2.34-2.53 (m, 2H), 2.65-2.77 (m, 1H), 3.05
and 3.06 (two s, total 3H), 3.20-3.34 (m, 1H), 3.82-3.94 (m,
1H), 4.55-4.82 (m, 4H), 6.75-6.82 (m, 1H), 7.02-7.11 (m,
1H), 7.26-7.36 (m, 2H), 7.41-7.48 (m, 1H). LCMS (ESI):
m/z calculated for [C, H, . CINO+H]" 410.13, found 409.9
[M+H]"™.

Example 24

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)propyl 2-(3-meth-
yloxetan-3-yl)acetate (24)

Q o
_ )L
. 5 Cl -~

\c1
DIPEA, DCM
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Nal, EtzN, Acetone

To a solution of S-ketamine hydrochlornide 1a (137 mg,

0.5 mmol) and DIPEA (130 mg, 1.0 mmol) in DCM (5 mL)
was added 1-chloroethyl carbonochloridate (94 mg, 0.6
mmol) slowly at 0° C. The reaction was stirred at 25° C. for
16 h. The reaction was diluted with DCM (5 mL) and
washed with water (5 mL) and brine (5 mL). The organic
layer was dried over MgSQO,, filtered and concentrated to

provide an oil, which was purified on silica gel column
cluting with Hexane/EA (1/0 to 10/1) to afford 133 mg (74%

yield) of 24a as a colorless oil. "H NMR (600 MHz, CDCL,):
0 1.05 (br, 3H), 1.75-1.89 (m, 4H), 2.04 (m, 2H), 2.37-2.50
(br, 1H), 2.58 (m, 1H), 2.71 (m, 1H), 3.01 and 3.08 (two s,
total 3H), 3.27-3.35 (br, 1H), 6.39 (m, 1H), 6.94-7.00 (m,
1H), 7.24 (m, 2H), 7.44 (m, 1H).

To a solution of 24a (90 mg, 0.25 mmol), Nal (37 mg,
0.25 mmol), and 2-(3-methyloxetan-3-yl)acetic acid (98 mg,
0.75 mmol) 1 acetone (1 mL) was added triethylamine (0.18
ml., 1.25 mmol). The reaction was heated to 70° C. for 10
h. The reaction was concentrated and re-dissolved in DCM
(5 mL), washed with NaHCO,(sat) (53 mL) and brine (3 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 2/1) to afford 32
mg (28% yield) of the title compound 24 as a yellow oil. 'H
NMR (600 MHz, acetone-d;): ¢ 0.89-1.04 (m, 3H), 1.38-
1.41 (m, 3H), 1.88-1.78 (m, 5H), 2.41-2.55 (m, 2H), 2.67-
2.84 (m, 4H), 3.06 and 3.09 (two s, total 3H), 3.20-3.37 (m,
1H), 4.29-4.31 (m, 2H), 4.50-4.54 (m, 2H), 6.63-6.67 (m,
1H), 7.09-7.014 (m, 1H), 7.32-7.35 (m, 2H), 7.49-7.46 (m,
1H). LCMS (ESI): m/z calculated for [C,;H;,CINO+H]™
452.18, found 452.03 [M+H]".

10

15

20

25

30

35

40

45

50

55

65

56

Example 25

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl tetrahydro-
2H-pyran-4-carboxylate (25)

)J\ij

Nal, EtzN, Acetone

NiOJ\O/ﬁ\O
\ ;

To a solution of 1b (86 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and tetrahydro-2H-pyran-4-carboxylic acid (98 mg,
0.75 mmol) 1n acetone (3 mL) was added triethylamine (0.18
ml., 1.25 mmol). The reaction was heated to 70° C. for 16
h. The reaction was concentrated and dissolved in DCM (5
mL), washed with NaHCO;,,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an oil, which was purified on silica
gel column eluting with Hexane/EA (7/3) to afford 72 mg
(66% vyield) of the title compound 25 as a white foam. 'H
NMR (500 MHz, methanol-d,): 6 1.51 (s, 3H), 1.61-1.91 (m,
7TH), 2.03-2.12 (m, 1H), 2.32-2.52 (m, 2H), 2.56-2.65 (m,
1H), 2.67-2.83 (m, 1H), 3.05 (d, J=11.5 Hz, 3H), 3.32-3.39
(m, 1H), 3.40-3.50 (m, 2H), 3.81-3.94 (m, 2H), 6.69-6.75
(m, 1H), 6.99-7.08 (m, 1H), 7.26-7.32 (m, 2H), 7.43-7.48
(m, 1H). LCMS (ESI): m/z calculated for [C,,H,,CINO+
H]*" 438.16, found 438.1 [M+H]".

-

Example 26

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)-2-methylpropyl
2-(3-methyloxetan-3-yl)acetate (26)

Q ~_
_ )L
. 5 Cl -~

\c1
DIPEA, DCM
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Nal, EtzN, Acetone

To a solution of S-ketamine hydrochloride 1a (200 mg,
0.73 mmol) and DIPEA (0.25 mL, 1.46 mmol) in DCM (8
ml.) was added 1-chloro-2-methylpropyl chloroformate
(312 mg, 1.83 mmol) slowly at 0° C. and then stirred at 25°
C. for 1 h. The reaction was diluted with DCM (5 mL) and
washed with water (5 mL) and brine (5 mL). The organic
layer was dried over MgSO,, filtered and concentrated to
provide an oil, which was purified on silica gel column
cluting with Hexane/EA (1/0 to 9/1) to afford 230 mg (85%
yield) of 26a as a white solid. 'H NMR (600 MHz, acetone-
de): 0 0.75-1.27 (m, 6H), 1.68-1.90 (m, 3H), 2.38-2.58 (m,
2H), 2.65-2.77 (m, 1H), 2.83-2.85 (m, 2H), 3.08 and 3.12
(two s, total 3H), 3.18-3.36 (m, 1H), 6.35 (d, J=4.26 Hz,
1H), 7.01-7.11 (m, 1H), 7.28-7.35 (m, 2H), 7.44-7.49 (m,
1H). LCMS (ESI): m/z calculated for [C{H,,CL,NO,+H]"
372.11, found 371.8 [M+H]".

To a solution of 26a (93 mg, 0.25 mmol), Nal (75 mg, 0.5

mmol) and 2-(3-methyloxetan-3-yl)acetic acid (98 mg, 0.75
mmol) 1n acetone (3 mL) was added triethylamine (0.18 mL,
1.25 mmol). The reaction was heated to 70° C. for 5 h. The
reaction was concentrated and dissolved in DCM (5 mL),
washed with NaHCO,,,,,, (5 mL) and brine (5 mL). The

organic layer was dried over MgSQO,, filtered and concen-

trated to provide an oi1l, which was purified on silica gel
column eluting with Hexane/EA (7/3) to aflord 15 mg (13%
yield) of the title compound 26 as a white foam. 'H NMR
(500 MHz, methanol-d,): o 1.01 (s, 6H), 1.40 (s, 3H),
1.72-1.90 (m, 3H), 1.99-2.16 (m, 2H), 2.32-2.52 (m, 2H),
2.64-2.88 (m, 3H), 3.05 (d, J=20.2 Hz, 3H), 3.33-3.43 (m,
1H), 4.38 (dd, J=1.8, 1.7 Hz, 2H), 4.6 (d, J=5.8 Hz, 2H), 6.50
(dd, J=3.0, 4.9 Hz, 1H), 7.01-7.10 (m, 1H), 7.27-7.32 (m,
2H), 7.43-7.48 (m, 1H). LCMS (ESI): m/z calculated for
[C,,H;,CINO+H]™ 466.19, found 466.1 [M+H]".
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Example 27

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)propyl acetylglyci-
nate (27)

O
Nal, Et3N, Acetone

-

9%

H

N N
Y
27

To a solution of 24a (90 mg, 0.25 mmol), Nal (37 mg,
0.25 mmol), and acetylglycine (88 mg, 0.75 mmol) 1n
acetone (1 mL) was added triethylamine (0.18 mL, 1.25
mmol). The reaction was heated to 70° C. for 10 h. The
reaction was concentrated and re-dissolved in DCM (S mL),
washed with NaHCO; ., (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/2) to aflord 18 mg
(16% vyield) of the title compound 27 as a white solid. "H
NMR (600 MHz, acetone-d,) ¢ 0.86-1.04 (m, 3H), 1.74-1.84
(m, 4H), 1.94-1.95 (m, 3H), 2.06-2.07 (m, 3H), 2.37-2.49
(m, 2H), 2.67-2.79 (m, 1H), 3.03 and 3.07 (two s, total 3H),
3.21-3.34 (m, 1H), 3.85-3.94 (m, 1H), 3.99-4.05 (m, 1H),
6.62-6.66 (m, 1H), 7.06-7.09 (m, 1H), 7.28-7.35 (m, 2H),
7.45-744 (m, 1H). LCMS (ESI): m/z calculated {for
|C, H,,CIN,O+H]* 439.16, found 439.00 [M+H]".

Example 28

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)-2-methylpropy
acetylglycinate (28)

0
~" HO)J\/ E\I(

\ Cl O -
Nal, Et3;N, Acetone

26a
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28

To a solution of 26a (93 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and acetylglycine (88 mg, 0.75 mmol) 1 acetone (3
ml.) was added triethylamine (0.18 mL, 1.25 mmol). The
reaction was heated to 70° C. for 16 h. The reaction was
concentrated and re-dissolved in DCM (5 mL), washed with
NaHCO,,,, (5 mL) and brine (5 mL). The organic layer was
dried over MgSQO,, filtered and concentrated to provide an
o1l, which was purified on silica gel column eluting with

Hexane/EA (2/3) to aflord 29 mg (28% vield) of the title

compound 28 as a colorless oil. 'H NMR (600 MHz,
DMSO-d,): 6 0.76-1.11 (m, 6H), 1.60-1.78 (m, 3H), 1.86 (d,
J=2.0 Hz, 3H), 1.95-2.05 (m, 1H), 2.26-2.40 (m, 2H),
2.52-2.68 (m, 1H), 2.65 and 2.98 (two s, total 3H), 3.04-3.20
(m, 1H), 3.71-3.97 (m, 3H), 6.38-6.47 (m, 1H), 6.89-6.99
(m, 1H), 7.28-7.36 (m, 2H), 7.43-7.49 (m, 1H), 8.33-8.43
(m, 1H). LCMS (ESI): m/z calculated for [C,,H,,CIN,O .+
H]™ 453.17, found 453.3 [M+H]".

Example 29

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl nicotinate
(29)

Nal, EtzN, Acetone

29

To a solution of 22a (82 mg, 0.25 mmol), Nal (75 mg, 0.5
mmol) and nmicotinic acid (92 mg, 0.75 mmol) 1n acetone (3
ml.) was added triethylamine (0.18 mL, 1.25 mmol). The
reaction was heated to 70° C. for 2 h. The reaction was
concentrated and re-dissolved in DCM (5 mL), washed with
NaHCl,,,, (5 mL) and brine (5 mL). The organic layer was
dried over MgSQ,, filtered and concentrated to provide an
o1l, which was purified on silica gel column eluting with

Hexane/EA (3/2) to aflord 32 mg (31% vield) of the title
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compound 29 as a white solid. "H NMR (600 MHz, acetone-
ds): 0 1.66-1.87 (m, 3H), 1.97-2.20 (m, 1H), 2.36-2.55 (m,
2H), 2.67-2.75 (m, 1H), 3.07 (s, 3H), 3.20-3.32 (m, 1H),
5.86-6.18 (m, 2H), 7.07-7.13 (m, 1H), 7.21-7.32 (m, 2H),
7.40-7.46 (m, 1H), 7.56-7.62 (m, 1H), 8.30-8.39 (m, 1H),
8.82-8.89 (m, 1H), 9.12-9.20 (m, 1H). LCMS (ESI): m/z
calculated for [C,,H, ,CIN,O.+H]" 417.11, found 416.9
IM+H]™.

Example 30

Synthesis of 2-(2-chlorophenyl)-2-(methyl(methyl-
d3)amino)cyclohexan-1-one (30)

Cl/\/

b
]
]
Ty
L]

R
F
Cl

CDgL CSgCOg

H
H DMF

N

\

O

la

To a solution of S-ketamine hydrochloride 1a (68 mg,
0.25 mmol) and 1odomethane-d, (109 mg, 0.75 mmol) and
Cesium carbonate (163 mg, 0.5 mmol) in DMF (5 mL). The
reaction was stirred at 25° C. for 4 h. The reaction was
diluted with DCM (5 mL) and washed with water (5 mL)
and brine (5 mL). The organic layer was dried over MgSQO,,,
filtered and concentrated to provide an oil, which was
purified on silica gel column eluting with Hexane/EA (0 to
3/1) to afiord 16 mg (23% vield) of the title compound 30
as a yellow solid. 'H NMR (500 MHz, methanol-d,) &
1.58-1.48 (m, 1H), 1.80-1.62 (m, 3H), 2.03-1.95 (m, 1H),
2.19 (s, 3H), 2.51-2.40 (m, 1H), 2.66-2.56 (m, 1H), 3.20-
3.09 (m, 1H), 7.41-7.35 (m, 1H), 7.52-7.43 (m, 2H), 7.62-
7.56 (m, 1H). LCMS (ESI): m/z calculated {for
|C,-H;,N,O.+H]" 255.12, found 255.00 [M+H]".

Example 31

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetylglyci-
nate (31)

Nal, K,CO3, Acetone
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N o/\o)l\/\[(
\ I

O

31

To a solution of 22a (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and 2-acetamidoacetic acid (53.2 mg, 0.45
mmol) 1n acetone (2 mL) was added K,CO, (105 mg, 0.76
mmol). The reaction was heated to 70° C. for 3 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oi1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/4) to afford 25 mg
(40% vield) of the title compound 31 as a colorless gum. "H
NMR (600 MHz, DMSO-d,): 1.61-1.77 (m, 3H), 1.87 (s,
3H), 1.95-2.00 (br, 1H), 2.29-2.37 (m, 2H), 2.54-2.63 (m,
1H), 2.96 (s, 3H), 3.08-3.17 (m, 1H), 3.81-3.90 (m, 2H),
5.62-5.78 (m, 2H), 6.93-6.98 (m, 1H), 7.29-7.38 (m, 2H),
7.44-7.48 (m, 1H), 8.36-8.43 (m, 1H). LCMS (ESI): nv/z
calculated for [C,,H,;CIN,O.+H]* 411.12, found 411.15
[M+H]™.

Example 32

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy )methylacetyl-L-vali-
nate

HO

Nal, K»>CO3, Acetone

O

O
PN (
;N O/\O \ﬂ/
\ !
O
32

To a solution of 22a (350 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and (S)-2-acetamido-3-methylbutanoic acid (72
mg, 0.45 mmol) 1n acetone (2 mL) was added K,CO, (105
mg, 0.76 mmol). The reaction was heated to 70° C. for 3 h.
The reaction was concentrated and re-dissolved in DCM (5

mL), washed with NaHCO;,,, (5 mL) and brine (5 mL).

The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oi1l, which was purified on silica

gel column eluting with Hexane/EA (1/0 to 1/4) to afford 65
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mg (95% vield) of the title compound 32 as a white foam.
"H NMR (600 MHz, DMSO-d,): 0.82-0.97 (m, 6H) 1.54-

1.77 (br, 3H), 1.88 (s, 3H), 1.92-2.07 (br, 2H), 2.29-2.37 (m,
2H), 2.52-2.60 (m, 1H), 2.95 (s, 3H), 3.06-3.17 (m, 1H),
4.09-4.16 (m, 1H), 5.60-5.85 (m, 2H), 6.89-6.99 (m, 1H),
7.26-7.37 (m, 2H), 7.42-7.50 (m, 1H), 8.19-8.29 (m, 1H).
LCMS (ESI): m/z calculated for [C,.H,,CIN,O+H]"
453.17, found 453.12 [M+H]".

Example 33

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-al-
aninate (33)

Cl
O

Nal, K>CO3, Acetone

r;;,,
>:Cj
s
O
ZiT

Cl

e ]
Ty
iy
[
L
oy
-

N )J\r
N\ O/\O \(L‘/

O

33

To a solution of 22a (50 mg, 0.15 mmol), Nal (46 mg, 0.3
mmol) and (S)-2-acetamidopropanoic acid (60 mg, 0.46
mmol) 1n acetone (1.8 mL) was added K,CO, (105 mg, 0.76
mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO; ., (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 13/7) to aflord 52
mg (81% vyield) of the title compound 33 as a white foam.
'"H NMR (600 MHz, DMSO-d,): & 1.22-1.30 (m, 3H),
1.60-1.82 (m, 3H), 1.84 (s, 3H), 1.93-2.00 (m, 1H), 2.30-
2.37 (m, 2H), 2.54-2.60 (m, 1H), 2.96 (s, 3H), 3.09-3.16 (m,
1H), 4.16-4.24 (m, 1H), 5.60-5.80 (m, 2H), 6.94-7.00 (m,
1H), 7.30-7.36 (m, 2H), 7.44-7.49 (m, 1H), 8.38 (d, J=6.00
Hz, 1H). LCMS (ESI): m/z calculated for [C,,H,CIN,O.+
H]* 425.14, found 424.8 [M+H]".
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Example 34

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methy 1sobu-
tyrylglycinate (34)

0O
/H\/%
" HO
)'k N O _

O Cl
\ Nal, K5COj3, Acetone

34

To a solution of 22a (50 mg, 0.15 mmol), Nal (46 mg, 0.3
mmol) and 2-(isobutyramido)acetic acid (66 mg, 0.46
mmol) 1n acetone (1.8 mL) was added K,CO, (105 mg, 0.76
mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO;,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSO,, filtered and concen-
trated to provide an oi1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/1) to afford 47 mg
(70% vyield) of the title compound 34 as a white foam. 'H
NMR (600 MHz, DMSO-d,): 0 1.01 (d, J=6.84 Hz, 6H),
1.62-1.76 (m, 3H), 1.94-2.01 (m, 1H), 2.29-2.38 (m, 2H),
2.39-2.46 (m, 1H), 2.55-2.63 (m, 1H), 2.99 (s, 3H), 3.08-
3.16 (m, 1H), 3.85 (d, J=5.28 Hz, 2H), 5.60-5.80 (m, 2H),
6.94-6.98 (m, 1H), 7.30-7.37 (m, 2H), 7.44-7.48 (m, 1H),
8.27 (t, I=5.64 Hz, 1H). LCMS (ESI): m/z calculated for
[C,, H,-CIN,O+H]" 439.16, found 439.21 [M+H]".

Example 35

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 1sobutyryl-L-
alaninate (335)

7T

PR -
N O

Nal, K5,CO3, Acetone
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-continued

AN
/ QO O
= H
N)ko/\o)J\rN\n)\
\ :

35

To a solution of 22a (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and (S)-2-(1sobutyramido)propanoic acid (72
mg, 0.45 mmol) in acetone (2 mL) was added K,CO; (105
mg, 0.76 mmol). The reaction was heated to 70° C. for 4 h.
The reaction was concentrated and re-dissolved 1n DCM (5
mL), washed with NaHCO;,,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oil, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 3/2) to afford 30
mg (44% vield) of the title compound 35 as a white foam.
"H NMR (600 MHz, DMSO-d.): 0.96-1.03 (m, 6H) 1.23-
1.32 (br, 3H), 1.58-1.77 (m, 3H), 1.89-2.03 (br, 1H), 2.28-
2.37 (m, 2H), 2.37-2.46 (m, 1H), 2.54-2.64 (m, 1H), 2.96 (s,
3H), 3.08-3.17 (m, 1H), 4.17-4.26 (m, 1H), 5.58-5.82 (m,
2H), 6.95-7.04 (m, 1H), 7.29-7.36 (m, 2H), 7.43-7.50 (m,
1H), 8.17-8.29 (m, 1H). LCMS (ESI): m/z calculated for
|C, . H,,CIN,O+H]* 453.17, found 453.02 [M+H]".

Example 36
Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-

hexyl)(methyl)carbamoyl)oxy)methyl 1sobutyryl-L-
valinate (36)

HO

O
{m_

Nal, K5,CO3, Acetone

O

; N)J\O/\O)JI§ \I.H\
\ ;

To a solution of 22a (50 mg, 0.15 mmol), Nal (46 mg, 0.3
mmol) and (5)-2-(1sobutyramido)-3-methylbutanoic acid
(102 mg, 0.46 mmol) 1 acetone (1.8 mL) was added K,CO,
(105 mg, 0.76 mmol). The reaction was heated to 70° C. for
1 h. The reaction was concentrated and redissolved in DCM
(5 mL), washed with NaHCO, ., (5 mL) and brine (5 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an oil, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 7/3) to afford 67
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mg (93% vield) of the title compound 36 as a yellow foam.
'H NMR (600 MHz, DMSO-d,): 8 0.85-0.94 (m, 6H),
0.96-1.02 (m, 6H), 1.55-1.65 (m, 1H), 1.66-1.76 (m, 2H),
1.92-1.99 (m, 1H), 2.00-2.08 (m, 1H), 2.31-2.40 (m, 2H),
2.52-2.60 (m, 2H), 2.95 (s, 3H), 3.08-3.17 (m, 1H), 4.14 (x,
J=6.84 Hz, 1H), 5.60-5.88 (m, 2H), 6.95-7.00 (m, 1H),
7.30-7.36 (m, 2H), 7.44-7.49 (m, 1H), 8.12 (d, J=7.62 Hz,
1H). LCMS (ESI): m/z calculated for [C, ,H;,CIN,O+H]"
481.2, found 481.08 [M+H]".

Example 37
Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-

hexyl)(methyl)carbamoyl)oxy)methyl L-valinate
TFA salt (37)

0
1
N 0
O 1O \’r
Cl <
: P O
' N\ 0 Cl
0O

225.

Nal, K>CO3, Acetone

)i\m

CF;COOH
NH,

Cl

l'”

Q

’,I’I

QO QO
; N)J\O/\O

\

O

37

To a solution of 22a (150 mg, 0.46 mmol), Nal (137 mg,
0.9 mmol) and N-(tert-butoxycarbonyl)-L-valine (297 mg,
1.4 mmol) 1n acetone (5.4 mL) was added K,CO, (315 mg,
2.3 mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO;,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 4/1) to afford 191
mg (82% vyield) of 37a as a white foam. "H NMR (600 MHz,
acetone-d): 0 0.94-1.02 (m, 6H), 1.40 (s, 9H), 1.72-1.87 (m,
3H), 2.00-2.03 (m, 1H), 2.11-2.19 (m, 1H), 2.39-2.51 (m,
2H), 2.65-2.72 (m, 1H), 3.05 (s, 3H), 3.23-3.32 (m, 1H),
4.07-4.12 (m, 1H), 5.70-5.94 (m, 2H), 6.31 (br, 1H), 7.05-
7.12 (m, 1H), 7.28-7.36 (m, 2H), 7.43-7.48 (m, 1H). LCMS
(ESI): m/z calculated for [C,.H,.CIN,O,+H]|" 511.24,
found 511.29 [M+H]".

To a solution of 37a (71 mg, 0.14 mmol) in DCM (5 mL)
was added trifluoroacetic acid (0.19 mL, 2.5 mmol). The
reaction was stirred at 25° C. for 16 h. The reaction was
concentrated. Afford 67 mg of the title compound 37 as a

colorless gum. "H NMR (600 MHz, DMSO-d..): 8 0.92-0.99

10

15

20

25

30

35

40

45

50

55

60

65

06

(m, 6H), 1.56-1.78 (m, 3H), 1.92-1.99 (m, 1H), 2.10-2.20
(m, 1H), 2.32-2.43 (m, 2H), 2.53-2.62 (m, 1H), 2.97 (s, 3H),
3.06-3.17 (m, 1H), 4.02-4.10 (m, 1H), 5.68-5.86 (m, 1H),
5.87-6.05 (m, 1H), 6.95-7.01 (m, 1H), 7.30-7.37 (m, 2H),
7.45-7.51 (m, 1H), 8.45 (br, 3H). LCMS (ESI): m/z calcu-
lated for [C,,H,,CIN,O.+H|* 411.16, found 411.19
[M+H]".

Example 38

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl glycinate TFA
salt (38)

O

i - T \K
O/\ . O
2a

Oy

| -

Nal, K5CO4, Acetone

o=
DCM

)L )J\/ TOK

3

j\ J\/ CF,COOH
NI,
N\ 0™ o

38

To a solution of 22a (50 mg, 0.15 mmol), Nal (46 mg, 0.3
mmol) and N-(tert-butoxycarbonyl)-L-glycine (102 mg,
0.46 mmol) 1n acetone (1.8 mL) was added K,CO, (105 mg,
0.76 mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),
washed with NaHCO, ., (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 7/3) to afiord 54 mg
(76% vield) of 38a as a white foam. "H NMR (600 MHz,
acetone-d,): 0 1.42 (s, 9H), 1.69-1.87 (m, 3H), 1.99-2.03 (m,
1H), 2.38-2.51 (m, 2H), 2.66-2.74 (m, 1H), 3.04 (s, 3H),
3.22-3.32 (m, 1H), 3.82-3.92 (m, 2H), 5.70-5.88 (m, 2H),
6.44 (br, 1H), 7.05-7.11 (m, 1H), 7.28-7.37 (m, 2H), 7.43-
748 (m, 1H). LCMS (ESI): mv/z calculated for
|C,, H,oCIN,O-+H]" 469.17, found 469.10 [M+H]". To a
solution of 38a (25 mg, 0.05 mmol) i DCM (1.9 mL) was
added trifluoroacetic acid (0.07 mL, 0.96 mmol). The reac-
tion was sturred at 25° C. for 16 h. The reaction was

concentrated to aflord 25 mg of the title compound 38 as a
colorless gum. "H NMR (500 MHz, DMSO-d,.): 8 1.60-1.80
(m, 3H), 1.92-2.01 (m, 1H), 2.33-2.43 (m, 2H), 2.54-2.65
(m, 1H), 2.98 (s, 3H), 3.08-3.17 (m, 1H), 3.92 (br, 2H),
5.72-5.92 (m, 2H), 6.96-7.02 (m, 1H), 7.30-7.38 (m, 2H),
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7.45-7.51 (m, 1H), 8.31 (br, 3H). LCMS (ESI): m/z calcu-
lated for [C,.H,,CIN,O.+H]* 369.11, found 368.89
[M+H]*.

Example 39

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl dimethyl-L-
valinate (39)

P

AN
‘ O O HCHO,
o N\F J\ CF:CO0H  AcOH
3 NI NaBH;CN
: /\ 2
N\ O O MeOH
O
37
B
Cl _._./

0 0
J§ :
N o~ o ™~
\
O
39

Compound 37 (52 mg, 0.1 mmol) was dissolved in MeOH
(5.8 mL) and cooled to 0° C. 1n an 1ce bath. Acetic acid (0.02
mL, 0.4 mmol) and NaBH,CN (13 mg, 0.2 mmol) was
added to the above solution and stirred at 0° C. for 5 min.
Formaldehyde (37% in H,O, 0.02 mmol) was added at 0° C.
and the reaction mixture was stirred at 25° C. for 2.5 h. The
reaction was quenched with NaHCO, and diluted with water
(5 mL). The aqueous layer was extracted with DCM (5 mL)
and the organic layer was washed with brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to get a solid. The solid was washed with hexane and
then recrystallized from DCM and hexane at 4° C. After 16
h, the mixture was filtered and collected the filtrate, con-
centrated to afford 20 mg (46% vield) of the title compound
39 as a white solid. 'H NMR (600 MHz, acetone-d,): 8 0.89
(d, J=6.48 Hz, 3H), 0.97 (d, J=6.60 Hz, 3H), 1.72-1.87 (m,
3H), 1.96-2.03 (m, 2H), 2.30 (s, 6H), 2.40-2.46 (m, 1H),
2.46-2.53 (m, 1H), 2.66-2.73 (m, 1H), 2.74-2.78 (m, 1H),
3.04 (s, 3H), 3.22-3.29 (m, 1H), 5.80-3.90 (m, 2H), 7.05-
7.09 (m, 1H), 7.27-7.34 (m, 2H), 7.44-7.48 (m, 1H). LCMS
(ESI): m/z calculated for [C,.H;,CIN,O.+H]|" 439.19,
found 439.46 [M+H]".
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Example 40

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl N-acetyl-N-
methylglycinate (40)

.
Jx
N b
O
Nal, K5CO3, Acetone

-

22a
‘ XX
Y
5 N
ey N o/\o \I(
\ :
9
A0)

To a solution of 22A (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and 2-(N-methylacetamido)acetic acid (99 mg,
0.76 mmol) 1n acetone (2 mlL) was added K,CO, (105 mg,
0.76 mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and re-dissolved in DCM (S mL),
washed with NaHCO; ., (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/4) to aflord 25 mg
(39% vyield) of the title compound 40 as a white foam. "H
NMR (600 MHz, DMSO-d): 1.61-1.76 (m, 3H) 1.89-2.01
(m, 2H), 2.01-2.05 (m, 2H), 2.30-2.40 (br, 2H), 2.54-2.73
(br, 2H), 2.80 (s, 1H), 2.96 (s, 3H), 3.03 (s, 2H), 3.08-3.18
(m, 1H), 4.06-4.37 (m, 2H), 5.61-5.86 (m, 2H), 6.93-7.00
(m, 1H), 7.29-7.38 (m, 2H), 7.43-7.50 (m, 1H). LCMS
(ESI): m/z calculated for [C, H,-CIN,O.+H]" 425.14,
found 425.27 [M+H]".

Example 41

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl N-acetyl-N-
methylglycinate (41)

T
J s
i g
O
Nal, EtzN, Acetone

g
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-continued

|
J\)\J\/\(

41

e
Ny
oy
-
[
-
L ]
| |

O

To a solution of 1b (50 mg, 0.15 mmol), Nal (43 mg, 0.29
mmol) and 2-(N-methylacetamido) acetic acid (95 mg, 0.73
mmol) 1n acetone (2 mL) was added triethylamine (0.10 mL,
0.73 mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and re-dissolved in DCM (5 mL),

washed with NaHCO;,,,,, (5 mL) and brine (5 mL). The

organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/4) to aflord 36 mg
(57% vyield) of the title compound 41 as a white foam. 'H
NMR (600 MHz, DMSO-d): 1.29-1.59 (br, 3H) 1.59-1.78
(m, 3H), 1.81-1.90 (m, 1H), 1.94-2.07 (m, 3H), 2.25-2.42
(m, 2H), 2.53-2.68 (m, 1H), 2.78 (s, 1H), 2.92-3.03 (m, SH),
3.06-3.19 (m, 1H), 3.99-4.29 (m, 2H), 6.61-6.72 (m, 1H),
6.91-7.02 (m, 1H), 7.28-7.37 (m, 2H), 7.43-7.50 (mm, 1H).
LCMS (ESI): m/z calculated for [C,,H,,CIN,O+H]"
439.16, found 439.26 [M+H]".

Example 42

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl propio-
nylglycinate (42)

Nal, Et3N, Acetone

N\JKO/LOJ\/%\L(\

42

To a solution of 1b (50 mg, 0.145 mmol), Nal (23 mg,
0.15 mmol) and 2-(propionamido)acetic acid (57 mg, 0.435
mmol) i acetone (1.8 mL) was added triethylamine (0.1
ml., 0.725 mmol). The reaction was heated to 70° C. for 16
h. The reaction was concentrated and re-dissolved in DCM
(5 mL), washed with NaHCO, ,,,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 1/1) to afford 41
mg (65% vyield) of the title compound 42 as a white foam.
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'H NMR (600 MHz, DMSO-d,): 8 1.00 (t, J=7.62 Hz, 3H),
1.34-1.59 (m, 3H), 1.60-1.77 (m, 3H), 1.94-2.03 (m, 1H),
2.10-2.18 (m, 2H), 2.27-2.41 (m, 2H), 2.53-2.67 (m, 1H),
2.95 and 2.97 (two s, total 3H), 3.06-3.19 (m, 1H), 3.71-3.82
(m, 1H), 3.82-3.96 (m, 1H), 6.61-6.68 (m, 1H), 6.92-7.00
(m, 1H), 7.29-7.37 (m, 2H), 7.43-7.49 (m, 1H), 8.22-8.32

(m, 1H). LCMS (ESI): m/z calculated for [C,,H,-CIN,O +
H]*™ 439.16, found 439.23 [M+H]".

Example 43

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methy propio-
nylglycinate (43)

Nal, K5,CO3, Acetone

To a solution of 22a (50 mg, 0.15 mmol), Nal (23 mg, 0.3
mmol) and 2-(propionamido)acetic acid (60 mg, 0.46 mmol)
in acetone (1.8 mL) was added K,CO; (105 mg, 0.76 mmol).
The reaction was heated to 70° C. for 1 h. The reaction was
concentrated and re-dissolved in DCM (5 mL), washed with
NaHCO;,,, (5 mL) and brine (5 mL). The organic layer was
dried over MgSQO,, filtered and concentrated to provide an
o1l, which was purified on silica gel column eluting with
Hexane/EA (1/0 to 2/3) to aflord 45 mg (69% vield) of the
title compound 43 as a white foam. 'H NMR (600 MHz,
DMSO-dy): ¢ 1.00 (t, J=7.62 Hz, 3H), 1.62-1.78 (m, 3H),
1.97-2.04 (m, 1H), 2.15 (q, J=7.56 Hz, 2H), 2.30-2.39 (m,
2H), 2.55-2.63 (m, 1H), 2.96 (s, 3H), 3.08-3.16 (m, 1H),
3.80-3.92 (m, 2H), 5.60-5.80 (m, 2H), 6.93-6.99 (m, 1H),
7.30-7.38 (m, 2H), 7.44-7.49 (m, 1H), 8.30 (t, J=5.46 Hz,
1H). LCMS (ESI): m/z calculated for [C,,H,-CIN,O+H]"
425.14, found 425.38 [M+H]".
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Example 44

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl L-alaninate
TFA salt (44)

L Nye

Nal, K,CO3;, Acetone

'3‘___._.-2

22a

Iw,@

O O
Cl I TF
: NJ\O/\O)JTN\I_(O\K DC;‘-
O
O
44a
B
o /\.-.-/ )J\ CF;COOH

O
44

To a solution of 22a (150 mg, 0.45 mmol), Nal (136 mg,
091 mmol) and (28)-2-({[(2-methyl-2-propanyl)oxy]
carbonyl }amino)propanoic acid (258 mg, 1.36 mmol) in
acetone (5 mL) was added K, CO; (314 mg, 2.27 mmol). The
reaction was heated to 70° C. for 1 h. The reaction was
concentrated and re-dissolved in DCM (10 mL), washed
with NaHCO;,,,,, (10 mL) and brine (10 mL). The organic
layer was dried over MgSQO,, filtered and concentrated to
provide an oil, which was purified on silica gel column
cluting with Hexane/EA (1/0 to 3/2) to afford 200 mg (91%
yield) of 10 as a white foam. "H NMR (500 MHz, DMSO-
ds): 1.19-1.28 (m, 3H) 1.28-1.46 (m, 9H), 1.57-1.79 (m,
3H), 1.93-2.02 (m, 1H), 2.28-2.42 (m, 2H), 2.54-2.62 (m,
1H), 2.96 (s, 3H), 3.07-3.19 (m, 1H), 3.97-4.08 (m, 1H),
5.60-5.84 (m, 2H), 6.92-7.05 (m, 1H), 7.29-7.37 (m, 2H),
7.37-7.44 (m, 1H), 7.44-7.51 (m, 1H). LCMS (ESI): mv/z
calculated for [C,,H,,CIN,O,+H]|" 483.18, found 483.33
[M+H]".

To a solution of 44a (200 mg, 0.41 mmol) m DCM (15
ml.) was added trifluoroacetic acid (0.57 mL, 7.5 mmol).
The reaction was stirred at 25° C. for 16 h. The reaction was
concentrated to aflord 250 mg of the title compound 44 as
a colorless gum. '"H NMR (600 MHz, DMSO-d,.): 1.29-1.43
(m,3H) 1.58-1.79 (m, 3H), 1.90-2.02 (m, 1H), 2.31-2.43 (m,
2H), 2.54-2.62 (m, 1H), 2.98 (s, 3H), 3.07-3.17 (m, 1H),
4.12-4.26 (m, 1H), 5.65-5.98 (m, 2H), 6.93-7.02 (m, 1H),
7.28-7.38 (m, 2H), 7.43-7.51 (m, 1H), 8.26-8.48 (m, 3H).
LCMS (ESI): m/z calculated for [CiH,;CIN,O.+H]"
383.13, found 383.63 [M+H]".
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Example 45

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl (2,2,2-trii-
luoroacetyl)glycinate (45)

Nal, EtzN, Acetone

JLJ\JK/T

45

To a solution of 1b (103 mg, 0.3 mmol), Nal (47 mg,
0.315 mmol) and 2-(2,2,2-trifluoroacetamido)-acetic acid
(154 mg, 0.9 mmol) in acetone (4 mL) was added triethyl-
amine (0.21 mL, 1.5 mmol). The reaction was heated to 70°
C. for 16 h. The reaction was concentrated and redissolved
in DCM (5 mL), washed with NaHCO;,,,, (5 mL) and brine
(5 mL). The organic layer was dried over MgSQO,, filtered
and concentrated to provide an oi1l, which was purified on
silica gel column eluting with Hexane/EA (1/0 to 3/1) to
alford 113 mg (79% vyield) of the title compound 45 as a
white solid. 'H NMR (500 MHz, DMSO-d,): & 1.37-1.58
(m, 3H), 1.60-1.78 (m, 3H), 1.94-2.03 (m, 1H), 2.28-2.40
(m, 2H), 2.53-2.68 (m, 1H), 2.95 and 2.97 (two s, total 3H),
3.06-3.20 (m, 1H), 3.90-3.99 (m, 1H), 4.00-4.16 (m, 1H),
6.65-6.72 (m, 1H), 6.93-7.01 (m, 1H), 7.27-7.36 (m, 2H),
7.44-7.49 (m, 1H), 9.99 (t, J=5.80 Hz, 1H). LCMS (ESI):
m/z calculated tfor [C,,H,.CIF;N,O.+H]|™ 479.11, found
479.11 [M+H]".

Example 46

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl (2,2,2-trifluo-
roacetyl)glycinate (46)
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O O
)J\ )I\/ﬁ CF
N O/\O T 3

O

O

Cl

N\ /

46

To a solution of 1b (50 mg, 0.15 mmol), Nal (46 mg, 0.3

mmol) and 2-(2,2,2-trifluoroacetamido)-acetic acid (78 mg,
0.46 mmol) i acetone (4 mL) was added triethylamine (0.1
ml., 0.76 mmol). The reaction was heated to 70° C. for 1 h.
The reaction was concentrated and redissolved in DCM (5
mlL.), washed with NaHCO,; ., (5 mL) and brine (5 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 7/3) to afford 14
mg (20% vyield) of the title compound 46 as a white solid. "H
NMR (600 MHz, DMSO-d,): 6 1.60-1.78 (m, 3H), 1.92-
2.01 (m, 1H), 2.30-2.39 (m, 2H), 2.55-2.63 (m, 1H), 2.97 (s,
3H), 3.08-3.17 (m, 1H), 4.07 (1, J=4.86 Hz, 2H), 5.64-5.86
(m, 2H), 6.93-6.99 (m, 1H), 7.30-7.36 (m, 2H), 7.44-7.49
(m, 1H), 10.04 (t, J=5.40 Hz, 1H). LCMS (ESI): m/z
calculated for [C, H,,CF;N,O.+H]" 465.1, found 465.56
[M+H]™.

Example 47

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl dimethyl-L-
alaninate (47)

|
N
O ™~

O
-~
)‘k O /\Cl Nal, Et3N, Acetone

Cl

X
F

N

1b

47

To a solution of 1b (31 mg, 0.09 mmol), Nal (27 mg, 0.18
mmol) and (S)-2-(dimethylamino)-propanoic acid (32 mg,
0.27 mmol) 1 acetone (1 mL) was added triethylamine (0.06
ml., 0.45 mmol). The reaction was heated to 70° C. for 20

h. The reaction was concentrated and redissolved in DCM (5
mL), washed with NaHCO;,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oi1l, which was purified on silica
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gel column eluting with Hexane/EA (1/0 to 1/3) to afford 14
mg (37% vyield) of the title compound 47 as a yellow gum.
'"H NMR (600 MHz, DMSO-d,): 8 1.14 (d, J=7.08 Hz, 3H),
1.37-1.58 (m, 3H), 1.60-1.77 (m, 3H), 1.95-2.03 (m, 1H),
2.14-2.26 (m, 6H), 2.28-2.36 (m, 2H), 2.56-2.70 (m, 1H),
2.96 and 2.97 (two s, total 3H), 3.05-3.19 (m, 1H), 3.20-3.28
(m, 1H), 6.62-6.70 (m, 1H), 6.93-7.02 (m, 1H), 7.26-7.36
(m, 2H), 7.44-7.49 (m, 1H). LCMS (ESI): m/z calculated for
[C,,H,,CIN,O.+H]" 425.18, found 425.49 [M+H]".

Example 48

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl (2,2,2-trifluo-
roacetyl)-L-valinate (48)

O
H
N Cl3
. T
O
-
Nal, Et3N, Acetone
1b
B
Cl N J\ H
s N CL5
\ ;
O

48

To a solution of 22b (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and (5)-2-(2,2,2-trifluoroacetamido)-3-meth-
ylbutanoic acid (97 mg, 0.45 mmol) 1 acetone (2 mL) was
added triethylamine (0.11 mL, 0.76 mmol). The reaction was
heated to 70° C. for 1 h. The reaction was concentrated and
redissolved in DCM (5 mL), washed with NaHCO,,,, (5
ml) and brine (5 mL). The organic layer was dried over
MgSO,, filtered and concentrated to provide an o1l, which
was purilied on silica gel column eluting with Hexane/EA
(1/0 to 4/1) to afford 34 mg (44% vield) of the fitle
compound 1b 48 as a white gum. 'H NMR (500 MHz,
DMSO-d,): 0.88-0.99 (m, 6H) 1.56-1.78 (m, 3H), 1.89-2.00
(m, 1H), 2.13-2.26 (m, 1H), 2.30-2.42 (m, 2H), 2.52-2.62
(m, 1H), 2.95 (s, 3H), 3.07-3.18 (m, 1H), 4.17-4.29 (m, 1H),
5.70-5.88 (m, 2H), 6.92-7.01 (m, 1H), 7.28-7.38 (m, 2H),
7.43-7.50 (m, 1H), 9.84-9.93 (m, 2H). LCMS (ESI): m/z
calculated for [C,,.H,CF.N,O+H]" 507.14, found 507.46
[M+H]".
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Example 49

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamovl)oxy)propyl (2,2,2-trii-
luoroacetyl)glycinate (49)

Nal, EtzN, Acetone

N

i L e

49

To a solution of 24a (350 mg, 0.14 mmol), Nal (22 mg,
0.15 mmol) and 2-(2,2,2-trifluoroacetamido)-acetic acid (72
mg, 0.42 mmol) in acetone (1.8 mL) was added triethylam-
ine (0.1 mL, 0.7 mmol). The reaction was heated to 70° C.
for 16 h. The reaction was concentrated and redissolved 1n
DCM (5 mL), washed with NaHCO; ., (5 mL) and brine (5
mlL). The organic layer was dried over MgSO,,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 3/1) to afford 28
mg (41% vyield) of the title compound 49 as a white foam.
'H NMR (500 MHz, DMSO-d,): & 0.80-1.02 (m, 3H),
1.58-1.92 (m, SH), 1.93-2.04 (m, 1H), 2.27-2.41 (m, 2H),
2.53-2.70 (m, 1H), 2.95 and 2.98 (two s, total 3H), 3.04-3.20
(m, 1H), 3.92-4.02 (m, 1H), 4.03-4.16 (m, 1H), 6.57 (q,
J=5.65 Hz, 1H), 6.93-7.00 (m, 1H), 7.26-7.36 (m, 2H),
7.43-7.50 (m, 1H), 9.93-10.06 (m, 1H). LCMS (ESI): nv/z
calculated for [C, ,H,.CIF;N,O+H]" 493.13, found 493.42
[M+H]™.

Example 50

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl (2,2,2-trifluo-
roacetyl)-L-alaninate (50)

H
N Chj

T

O
Nal, EtzN, Acetone

HO
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-continued

O O
N o/\o \r 3
\ I

O

Cl

e
A
LY
-
-~
-
-

50

To a solution of 22a (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and (S)-2-(2,2,2-trnifluoro-acetamido ypropanoic
acid (84 mg, 0.45 mmol) 1n acetone (2 mL) was added
triethylamine (0.11 mL, 0.76 mmol). The reaction was
heated to 70° C. for 1 h. The reaction was concentrated and
redissolved in DCM (5 mL), washed with NaHCO;,,, (5
ml) and brine (5 mL). The organic layer was dried over
MgSQO,, filtered and concentrated to provide an o1l, which
was purilied on silica gel column eluting with Hexane/EA
(1/0 to 4/1) to afford 13 mg (18% vield) of the fitle
compound 50 as a white solid. "H NMR (500 MHz, DMSO-
de): 1.34-1.45 (m, 3H), 1.59-1.78 (m, 3H), 1.92-2.01 (m,
1H), 2.30-2.41 (m, 2H), 2.52-2.62 (m, 1H), 2.96 (s, 3H),
3.07-3.18 (m, 1H), 4.40-4.49 (m, 1H), 5.66-5.86 (m, 2H),
6.92-7.01 (m, 1H), 7.28-7.38 (m, 2H), 7.43-7.50 (m, 1H),
0.91-10.02 (m, 1H). LCMS (ESI): m/z calculated for
[C,H,,CF;N,O+H]™ 479.11, found 479.23 [M+H]".

Example 351

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)-2-methylpropy
(2,2,2-trifluoroacetyl)glycinate (51)

O
H
. T
O
-
Nal, EtzN, Acetone
o N o
J T .
3
O/\O \l.(
O
51

To a solution of 26a (93 mg, 0.25 mmol), Nal (39 mg,
0.26 mmol) and 2-(2,2,2-trifluoro-acetamido)acetic acid
(128 mg, 0.75 mmol) i acetone (3 mL) was added trieth-
ylamine (0.17 mL, 1.25 mmol). The reaction was heated to
70° C. for 16 h. The reaction was concentrated and redis-
solved in DCM (5 mL), washed with NaHCO;,,,, (5 mL)
and brine (5 mL). The organic layer was dried over MgSQO,,,
filtered and concentrated to provide an oil, which was
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purified on silica gel column eluting with Hexane/EA (1/0 to
3/1) to aflord 351 mg (40% vield) of the title compound 51

as a white foam. '"H NMR (500 MHz, DMSO-d,.): 8 0.80-
1.08 (m, 6H), 1.60-1.78 (m, 3H), 1.93-2.15 (m, 2H), 2.28-
2.41 (m, 2H), 2.64-2.72 (m, 1H), 2.96 and 2.99 (two s, total
3H), 3.03-3.21 (m, 1H), 3.92-4.03 (m, 1H), 4.03-4.18 (m,
1H), 6.45 (d, J=4.95 Hz, 1H), 6.92-6.99 (m, 1H), 7.27-7.36
(m, 2H), 7.44-7.49 (m, 1H), 10.01 (br, 1H). LCMS (ESI):
m/z calculated for [C,,.H,.CF.N,O.+H]" 507.14, found
507.4 [M+H]".

Example 52

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl (2,2,2-trii-
luoroacetyl)-L-valinate (52)

H
N CF;

b g
jl\ /I\ :
O cl Nal, Et3N, Acetone

Cl

X
F

N

1b

Cl

..',IIII

}$*%ﬂf3

To a solution of 1b (103 mg, 0.3 mmol), Nal (47 mg,
0.315 mmol) and (58)-2-(2,2,2-trifluoro-acetamido )-3-meth-
ylbutanoic acid (192 mg, 0.9 mmol) 1n acetone (4 mL) was
added triethylamine (0.21 mL, 1.5 mmol). The reaction was
heated to 70° C. for 16 h. The reaction was concentrated and
redissolved in DCM (5 mL), washed with NaHCO,,,, (5
mL) and brine (5 mL). The organic layer was dried over
MgSO,, filtered and concentrated to provide an o1l, which
was purified on silica gel column eluting with Hexane/EA
(1/0 to 17/3) to afford 128 mg (82% vield) of the title
compound 45 as a white foam. 'H NMR (500 MHz, DMSO-
dg): 0 0.82-0.99 (m, 6H), 1.38-1.55 (m, 3H), 1.56-1.78 (m,
3H), 1.91-2.00 (m, 1H), 2.10-2.20 (m, 1H), 2.26-2.39 (m,
2H), 2.58-2.69 (m, 1H), 2.94 and 2.97 (two s, total 3H),
3.05-3.16 (m, 1H), 4.12 (t, J=7.60 Hz, 1H), 6.72 (q, J=5.45
Hz, 1H), 6.91-7.01 (m, 1H), 7.27-7.36 (m, 2H), 7.43-7.48
(m, 1H), 9.76-9.88 (m, 1H). LCMS (ESI): m/z calculated for
[C,H,CF;N,O+H]|" 521.16, found 521.46 [M+H]".
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Example 33

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl (2,2,2-trii-
luoroacetyl)-L-alaninate (53)

X

O
8
N CF;
‘ ) HO/U\r T
C LA -
O Cl

l!l',ll’

N Nal, Et3N, Acetone

O
1b

Cl

X
O O
: N\)J\OJ\O)JTﬁ\IO(CFS

O
33

To a solution of 1b (103 mg, 0.3 mmol), Nal (47 mg,
0315 mmol) and (5)-2-(2,2,2-trifluoro-acetamido)pro-
panoic acid (167 mg, 0.9 mmol) 1n acetone (4 mL) was
added triethylamine (0.21 mL, 1.5 mmol). The reaction was
heated to 70° C. for 16 h. The reaction was concentrated and
redissolved in DCM (5 mL), washed with NaHCOy; . (5
mL) and brine (5 mL). The organic layer was dried over
MgSQO,, filtered and concentrated to provide an o1l, which
was purified on silica gel column eluting with Hexane/EA
(1/0 to 4/1) to aflord 81 mg (55% vield) of the ftitle
compound 45 as a white foam. "H NMR (500 MHz, DMSO-
de): 01.32 (d, J=7.30 Hz, 3H), 1.40-1.58 (m, 3H), 1.62-1.78
(m, 3H), 1.95-2.03 (mm, 1H), 2.28-2.39 (m, 2H), 2.55-2.65
(m, 1H), 2.97 and 2.98 (two s, total 3H), 3.10-3.19 (im, 1H),
4.38-4.47 (m, 1H), 6.66 (q, J=5.45 Hz, 1H), 6.91-7.00 (m,
1H), 7.28-7.36 (m, 2H), 7.44-7.50 (m, 1H), 9.90 (d, J=6.90
Hz, 1H). LCMS (ESI): m/z calculated for
|C, H,,CF.N,O+H]* 493.13, found 493.41 [M+H]".

Example 54

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 4-methylnico-
tinate (54)

O
HO Ny
O
Cl ~ )‘k F N
: N O/\ Cl Nal, EtzN, Acetone
O
22a
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-continued

X

/ O O
J )'ko/\o NN N

e N

\

O

Cl

F

54

To a solution of 22a (100 mg, 0.3 mmol), Nal (90 mg, 0.6
mmol) and 4-methylpyridine-3-carboxylic acid (123 mg, 0.9
mmol) 1 acetone (4 mL) was added triethylamine (0.21 mL,
1.5 mmol). The reaction was heated to 70° C. for 1 h. The

reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 3/2) to afford 45 mg
(35% vield) of the title compound 54 as a white solid. 'H
NMR (600 MHz, DMSO-d,): o 1.62-1.77 (m, 3H), 1.92-
2.00 (m, 1H), 2.31-2.40 (m, 2H), 2.55 (s, 3H), 2.58-2.66 (m,
1H), 3.00 (s, 3H), 3.08-3.16 (m, 1H), 5.80-6.12 (m, 2H),
6.98-7.02 (m, 1H), 7.22-7.27 (m, 1H), 7.28-7.34 (m, 1H),
7.41-7.44 (m, 1H), 7.45-7.48 (m, 1H), 8.64 (d, J=5.04 Hz,
1H), 892 (s, 1H). LCMS (ESI): m/z calculated {for
[C,,H,,CIN,O+H]" 431.13, found 431.11 [M+H]".

Example 55

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 2-methylnico-
tinate (535)

HO XN

F

Nal, EtzN, Acetone

-

35

To a solution of 22a (100 mg, 0.3 mmol), Nal (90 mg, 0.6
mmol) and 2-methylpyridine-3-carboxylic acid (123 mg, 0.9

mmol) 1 acetone (4 mL) was added triethylamine (0.21 mL,
1.5 mmol). The reaction was heated to 70° C. for 1 h. The

reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO;,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
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column eluting with Hexane/EA (1/0 to 3/2) to aflord 56 mg
(43% vyield) of the title compound 55 as a white foam. 'H
NMR (600 MHz, DMSO-d,): 0 1.62-1.77 (m, 3H), 1.92-
1.99 (m, 1H), 2.31-2.40 (im, 2H), 2.57-2.65 (m, 1H), 2.72 (s,
3H), 3.00 (s, 3H), 3.07-3.16 (m, 1H), 5.80-6.08 (m, 2H),
6.97-7.02 (m, 1H), 7.22-7.27 (m, 1H), 7.28-7.34 (m, 1H),
7.40-7.48 (m, 2H), 8.12-8.22 (m, 1H), 8.65-8.70 (m, 1H).
LCMS (ESI): m/z calculated for [C,,H,,CIN,O.+H]"
431.13, found 431.11 [M+H]".

Example 56

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 6-methylnico-
tinate (56)

O

‘ HO)J\‘/\N
0 N || \)\
Lo~

N Nal, EtzN, Acetone

O
22a

X

i*l[,rl,

36

To a solution of 22a (100 mg, 0.3 mmol), Nal (90 mg, 0.6
mmol) and 6-methylpyridine-3-carboxylic acid (123 mg, 0.9
mmol) 1n acetone (4 mL) was added triethylamine (0.21 mL,
1.5 mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO; ., (5 mL) and brine (5 mL). The

organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 3/2) to afiord 44 mg
(34% vyield) of the title compound 56 as a white foam. 'H
NMR (600 MHz, DMSO-d,): 0 1.61-1.76 (m, 3H), 1.92-
1.99 (m, 1H), 2.30-2.40 (im, 2H), 2.55-2.63 (m, 1H), 2.58 (s,
3H), 2.99 (s, 3H), 3.05-3.15 (m, 1H), 5.82-6.08 (m, 2H),
6.96-7.01 (m, 1H), 7.21-7.27 (m, 1H), 7.28-7.34 (m, 1H),
7.42-7.49 (m, 2H), 8.12-8.24 (m, 1H), 8.97 (s, 1H). LCMS
(ESI): m/z calculated for [C,,H,,CIN,O.+H]™ 431.13,
found 431.09 [M+H]".
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Example 57

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl acetyl-L-
leucinate (57)

HO

O
)‘l\ g
Nal, Et3N, Acetone
N\ O Cl

1b

57

To a solution of 1b (103 mg, 0.3 mmol), Nal (47 mg,
0.315 mmol) and (S)-2-acetamido-4-methylpentanoic acid
(156 mg, 0.9 mmol) 1n acetone (4 mL) was added triethyl-
amine (0.21 mL, 1.5 mmol). The reaction was heated to 70°
C. for 16 h. The reaction was concentrated and redissolved
in DCM (5 mL), washed with NaHCOj;,,,, (5 mL) and brine
(5 mL). The organic layer was dried over MgSQO,,, filtered
and concentrated to provide an oil, which was purified on
silica gel column eluting with Hexane/EA (1/0 to 11/9) to
afford 102 mg (71% wvield) of the title compound 57 as
white foam. 'H NMR (600 MHz, DMSO-d,): 8 0.79-0. 91
(m, 6H), 1.36-1.77 (m, 9H), 1.84 (s, 3H), 1.94-2.01 (m, 1H),
2.27-2.38 (m, 2H), 2.56-2.70 (m, 1H), 2.95 and 2.96 (two s,
total 3H), 3.06-3.16 (m, 1H), 4.14-4.25 (m, 1H), 6.60-6.67
(m, 1H), 6.92-6.98 (m, 1H), 7.29-7.36 (m, 2H), 7.44-7.49
(m, 1H), 8.26 (d, J=7.56 Hz, 1H). LCMS (ESI): m/z calcu-
lated for [C,,H;3;CIN,O+H]" 481.2, found 481.1 [M+H]".
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Example 38

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-leu-
cinate (58)

H
N

O

O
Py -
N\ o /\Cl Nal, K»CO3, Acetone

22a

Cl

.""'II

O/\O

To a solution of 22a (100 mg, 0.3 mmol), Nal (90 mg, 0.6
mmol) and (S)-2-acetamido-4-methylpentanoic acid (156
mg, 0.9 mmol) 1n acetone (4 mL) was added K,CO; (207
mg, 1.5 mmol). The reaction was heated to 70° C. for 1 h.
The reaction was concentrated and redissolved 1 DCM (5
mL), washed with NaHCO;,,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an oil, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 3/2) to aflord
120 mg (86% vield) of the title compound 1b 58 as a white
foam. '"H NMR (500 MHz, DMSO-d,): 6 0.85 (d, J=6.55 Hz,
3H), 0.89 (d, J=6.60 Hz, 3H), 1.40-1.59 (m, 2H), 1.60-1.79
(m, 4H), 1.86 (s, 3H), 1.93-2.00 (m, 1H), 2.31-2.40 (m, 2H),
2.53-2.62 (m, 1H), 2.95 (s, 3H), 3.07-3.17 (m, 1H), 4.19-
4.27 (m, 1H), 5.62-5.80 (m, 2H), 6.95-7.01 (m, 1H), 7.30-
7.37 (m, 2H), 7.44-7.49 (m, 1H), 8.31 (d, J=7.05 Hz, 1H).
LCMS (ESI): m/z calculated for [C,;H;,CIN,O+H]"
467.19, found 467.18 [M+H]".
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Example 59

Synthesis of 1-((((5)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl acetyl-L-
alloisoleucinate (59)

HO

Nal, Et3N, Acetone

NiOJ\CI
\

1b

\J\J\JP/\\[(

To a solution of 1b (100 mg, 0.29 mmol), Nal (87 mg,
0.58 mmol) and (25,3R)-2-acetamido-3-methylpentanoic
acid (151 mg, 0.87 mmol) 1mn acetone (4 mL) was added
triecthylamine (0.163 ml., 1.17 mmol). The reaction was
heated to 70° C. for 1 h. The reaction was concentrated and
redissolved in DCM (5 mL), washed with H,O (5 mL) and
brine (5 mL). The organic layer was dried over MgSO,,
filtered and concentrated to provide an oil, which was
purified on silica gel column eluting with Hexane/EA (1/0 to

2/3) to aflord 88 mg (63% vield) of the title compound 59
as a white solid. "H NMR (500 MHz, DMSO-d,): 0.65-0.78
(m, 2H), 0.78-0.89 (m, 4H), 1.12-1.21 (m, 1H), 1.28-1.59
(m, 4H), 1.62-1.78 (m, 4H), 1.87 (s, 3H), 1.92-2.03 (m, 1H),
2.28-2.39 (m, 2H), 2.55-2.65 (m, ﬁH) 2.91-2.99 (m, 3H),
3.04-3.20 (m, 1H), 4.08-4.25 (m, 1H), 6.62-6.74 (m, 1H),
6.90-7.01 (m, 1H), 7.27-7.38 (m, 2H), 7.42-7.51 (m, 1H),
8.09-8.22 (m, 1H). LCMS (ESI): m/z calculated for
[C,,H;;CIN,O+H]™ 481.20, found 481.16 [M+H]".
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Example 60

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-alloi-
soleucinate (60)

H
N

O

=-

Nal, K»CO3, Acetone

O
N\JK/\Q

22a

J
N\ O/\O \I((

To a solution of 22a (100 mg, 0.30 mmol), Nal (91 mg,
0.60 mmol) and (2S,3R)-2-acetamido-3-methylpentanoic
acid (157 mg, 0.91 mmol) in acetone (4 mL) was added
K,CO, (209 mg, 1.51 mmol). The reaction was heated to 70°
C. for 1 h. The reaction was concentrated and redissolved 1n
DCM (5 mL), washed with NaHCO;,,,,, (5 mL) and brine (5
mlL). The organic layer was dried over MgSO,,, filtered and
concentrated to provide an oil, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 3/2) to aflord
130 mg (92% vyield) of the title compound 60 as a white
solid. '"H NMR (500 MHz, DMSO-d,): 0.79-0.92 (m, 6H),
1.17-1.28 (m, 1H), 1.37-1.49 (m, 1H), 1.56-1.81 (m, 4H),
1.88 (s, 3H), 1.92-2.02 (m, 1H), 2.30-2.41 (m, 2H), 2.53-
2.62 (m, 1H), 2.95 (s, 3H), 3.07-3.19 (m, 1H), 4.14-4.24 (m,
1H), 5.64-5.83 (m, 2H), 6.92-7.00 (m, 1H), 7.28-7.38 (m,
2H), 7.43-7.51 (m, 1H), 8.19-8.29 (m, 1H). LCMS (ESI):
m/z calculated for [C,3H;,CIN,O.+H]|™ 467.19, found
467.20 [M+H]".
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Example 61

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 2-aminonico-
tinate (61)

)J\@

Nal, K>CO3, Acetone

61

To a solution of 22a (100 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and 2-aminopyridine-3-carboxylic acid (63 mg,
0.45 mmol) 1n acetone (2 mL) was added K,CO, (105 mg,
0.76 mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO;,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSO,, filtered and concen-
trated to provide an o1l, which was punified on silica gel
column eluting with Hexane/EA (1/0 to 2/3) to aflord 40 mg
(60% vield) of the title compound 61 as a pale-yellow foam.
"H NMR (600 MHz, DMSO-d,): 1.59-1.76 (m, 3H), 1.90-
2.00 (m, 1H), 2.29-2.40 (m, 2H), 2.55-2.63 (m, 1H), 2.98 (s,
3H), 3.05-3.16 (m, 1H), 5.80-6.04 (m, 2H), 6.63-6.71 (m,
1H), 6.93-6.99 (m, 1H), 7.18-7.27 (m, 3H), 7.28-7.34 (m,
1H), 7.42-7.48 (m, 1H), 7.99-8.07 (m, 1H), 8.26 (dd, J=4.6,
1.9 Hz, 1H). LCMS (ESI): m/z calculated {for

[C,,H,,CIN,O+H[* 432.12, found 432.02 [M+H]*.

Example 62

Synthesis of 1-((((R)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl acetylglyci-
nate (62)

PO

DIPEA, DCM

Cl
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-continued

Nal, Et3N, Acetone

62

To a solution of R-ketamine (1a-(R)) (1.0 g, 4.2 mmol)
and DIPEA (1.36 g, 10.5 mmol) in DCM (42 mL) was added
1 -chloroethyl carbonochlornidate (1.50 g, 10.5 mmol) slowly
at 0° C. The reaction was stirred at 25° C. for 1.5 h. The
reaction was diluted with DCM (10 mL) and washed with
water (20 mL) and brine (20 mL). The organic layer was
dried over MgSQO,, filtered and concentrated to provide an
o1l. The o1l was diluted with ice MeOH and filtered to afford
1.14 g (80% vield) of 1b-(R) as a white solid. 'H NMR (600
MHz, CDCl;): ¢ 1.60-1.96 (m, 6H), 2.00-2.09 (m, 1H),
2.30-2.56 (m, 1H), 2.57-2.63 (m, 1H), 2.67-2.86 (m, 1H),
3.02 and 3.07 (two s, total 3H), 3.24-3.39 (mm, 1H), 6.48-6.60
(m, 1H), 6.90-7.03 (m, 1H), 7.22-7.28 (m, 2H), 7.42-7.48
(m, 1H).

To a solution of 1b-(R) (52 mg, 0.15 mmol), Nal (24 mg,
0.16 mmol) and acetylglycine (53 mg, 0.45 mmol) 1n
acetone (1 mL) was added triethylamine (0.1 mL, 0.75
mmol). The reaction was heated to 70° C. for 16 h. The
reaction was concentrated and redissolved in DCM (10 mL),
washed with NaHCO;,,, (10 mL) and brine (10 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/2) to afford 39 mg
(61% vyield) of the title compound 62 as a white foam. 'H
NMR (500 MHz, DMSO-d,): 1.36-1.56 (m, 3H), 1.60-1.78
(m, 3H), 1.86 (d, J=3.05 Hz, 3H), 1.95-2.03 (m, 1H),
2.28-2.36 (m, 2H), 2.55-2.62 (m, 1H), 2.95 and 2.97 (two s,
total 3H), 3.06-3.20 (m, 1H), 3.70-3.79 (m, 1H), 3.81-3.94
(m, 1H), 6.61-6.69 (m, 1H), 6.92-7.00 (m, 1H), 7.29-7.37
(m, 2H), 7.43-7.49 (m, 1H), 8.28-8.37 (m, 1H). LCMS
(ESI): m/z calculated for [C, H,-CIN,O +H]|" 425.14,
found 425.23 [M+H]".
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Example 63 -continued

Synthesis of 1-((((R)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamovl)oxy)ethyl 2-(3-methyl-
oxetan-3-yl)acetate (63) d

10 64

To a solution of 1b-(R) (52 mg, 0.15 mmol), Nal (24 mg,

0.16 mmol) and (S)-2-acetamidopropanoic acid (59 mg,
5 0.45 mmol) 1n acetone (1 mL) was added triethylamine (0.1
ml., 0.75 mmol). The reaction was heated to 70° C. for 16

h. The reaction was concentrated and redissolved in DCM (5

mL), washed with NaHCOy; ., (5 mL) and brine (5 mL).

The organic layer was dried over MgSO,, filtered and

20 concentrated to provide an o1l, which was purified on silica

gel column eluting with Hexane/EA (1/0 to 1/1) to afford 47

mg (72% vyield) of the title compound 64 as a white foam.

'"H NMR (600 MHz, DMSO-d,): & 1.15-1.30 (m, 3H),

1.34-1.58 (m, 3H), 1.60-1.77 (m, 3H), 1.84 (d, J=14.16 Hz,

25 3H), 1.96-2.03 (m, 1H), 2.26-2.38 (m, 2H), 2.51-2.64 (m,

63 1H), 2.96 and 2.97 (two s, total 3H), 3.06-3.20 (m, 1H),

4.10-4.26 (m, 1H), 6.60-6.65 (m, 1H), 6.92-7.02 (m, 1H),

7.25-7.36 (m, 2H), 7.44-7.49 (m, 1H), 8.25-8.37 (m, 1H).

To a solution of 1b-(R) (121 mg, 0.35 mmol), Nal (105 LCMS (ESI): m/z calculated for [C,,H.,CIN,O.+H]*
mg, 0.7 mmol) and 2-(3-methyloxetan-3-yl)acetic acid (137 30 439.16, found 439.30 [M+H]*.

mg, 1.05 mmol) 1n acetone (5 mL) was added K,CO, (242

mg, 1.75 mmol). The reaction was heated to 70° C. for 4 h. Example 65

The reaction was concentrated and redissolved in DCM (5

mlL.), washed with H,O (5 mL) and brine (5 mL). The Synthesis of 1-((((R)-1-(2-chlorophenyl)-2-oxocy-
organic layer was dried over MgSQO,, filtered and concen- 35 clohexyl)(methyl)carbamoyl)oxy )ethylacetyl-L-vali-
trated to provide an oi1l, which was purified on silica gel nate (65)

column eluting with Hexane/EA (1/0 to 3/1) to aflord a
yellow o1l. Ether (3 mL) was added, filtered and the solid
was washed with cold ether to aflord 15 mg (10% yield) of

the title compound 63 as a white solid. 'H NMR (600 MHz, 40
methanol-d,): 1.38 (s, 3H), 1.41-1.64 (m, 3H), 1.72-1.88 (m,
3H), 2.04-2.10 (m, 1H), 2.32-2.39 (m, 1H), 2.43-2.51 (m, \”/

1H), 2.66-2.72 (m, 1H), 2.73 (s, 2H), 3.05 (s, 3H), 3.32-3.34
(m, 1H), 4.34-4.39 (m, 2H), 4.57-4.64 (m, 2H), 6.68-6.75
(m, 1H), 7.01-7.15 (m, 1H), 7.27-7.34 (m, 2H), 7.44-7.48 45
(m, 1H). LCMS (ESI): m/z calculated for [C,,H, CINO +
H]™ 438.16, found 438.25 [M+H]".

Nal, EtzN, Acetone

Example 64

50
Synthesis of 1-((((R)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl acetyl-L- 0
alaninate (64) o
N
55 O \[(
O
O
% 65
HO
60
J\ O . To a solution of 1b-(R) (52 mg, 0.15 mmol), Nal (24 mg,
Cl Nal, EizN, Acetone 0.16 mmol) and (S)-2-acetamido-3-methylbutanoic acid (72

mg, 0.45 mmol) 1n acetone (1 mL) was added triethylamine
(0.1 mL, 0.75 mmol). The reaction was heated to 70° C. for

65 16 h. The reaction was concentrated and redissolved 1n
DCM (5 mL), washed with NaHCO;,,,,, (5 mL) and brine (5
mlL). The organic layer was dried over MgSO,, filtered




US 11,440,874 B2

89

concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 1/1) to afford 49
mg (70% vyield) of the title compound 65 as a white foam.
'H NMR (500 MHz, DMSO-d,): 8 0.82-0.93 (m, 6H),
1.36-1.56 (m, 3H), 1.60-1.77 (m, 3H), 1.88 (d, J=21.3 Hz,
3H), 1.94-2.06 (m, 1H), 2.27-2.35 (m, 2H), 2.54-2.62 (m,
1H), 2.95 and 2.97 (two s, total 3H), 3.06-3.20 (m, 2H),
4.09-4.20 (m, 1H), 6.55-6.70 (m, 1H), 6.92-7.01 (m, 1H),
7.25-7.36 (m, 2H), 7.44-7.49 (m, 1H), 8.10-8.20 (m, 1H).
LCMS (ESI): m/z calculated for [C,;H,,CIN,O+H]"
467.19, found 467.20 [M+H]".

Example 66

Synthesis of (R)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 2-(3-methyl-
oxetan-3-yl)acetate (66)

66

To a solution of 22a-(R) (152 mg, 0.46 mmol), Nal (138
mg, 0.92 mmol) and 2-(3-methyloxetan-3-yl)acetic acid
(120 mg, 0.92 mmol) 1n acetone (3 mL) was added K,COj,
(254 mg, 1.84 mmol). The reaction was heated to 70° C. for
1 h. The reaction was concentrated and redissolved in DCM
(5 mL), washed with NaHCO;,,,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 1/2) to afford 74
mg (38% vield) of the title compound 66 as a colorless o1l.
"H NMR (500 MHz, DMSO-d,): 8 1.32 (s, 3H), 1.60-1.79
(m, 3H), 1.92-2.02 (m, 1H), 2.30-2.41 (m, 2H), 2.53-2.62
(m, 1H), 2.76 (s, 2H), 2.95 (s, 3H), 3.07-3.15 (m, 1H), 4.23
(d, I=5.8 Hz, 2H), 4.45 (d, J=5.7 Hz, 2H), 5.62-5.74 (m, 2H),
6.94-6.99 (m, 1H), 7.29-7.36 (m, 2H), 7.45-7.50 (m, 1H).
LCMS (ESI): m/z calculated for [C,,H,.CINO+H]"
424.14, found 424.26 [M+H]".

10

15

20

25

30

35

40

45

50

55

60

65

90

Example 67

Synthesis of (R)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl nicotinate
(67)

HO Xy

F

Nal, Et3N, Acetone

-

67

To a solution of 22a-(R) (495 mg, 1.5 mmol), Nal (4350
mg, 3.0 mmol) and nicotinic acid (534 mg, 4.5 mmol) 1n
acetone (18 mL) was added triethylamine (1.05 mL, 7.5
mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO; ., (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (3/2) to afford 188 mg (30%
yield) of the title compound 67 as a white solid. "H NMR
(500 MHz, DMSO-d;): ¢ 1.60-1.77 (m, 3H), 1.90-2.00 (m,
1H), 2.30-2.40 (m, 2H), 2.56-2.65 (m, 1H), 2.99 (s, 3H),
3.06-3.15 (m, 1H), 5.88-6.08 (m, 2H), 6.97-7.02 (m, 1H),
7.21-7.26 (m, 1H), 7.27-7.33 (m, 1H), 7.42-7.47 (m, 1H),
7.60-7.65 (m, 1H), 8.28-8.35 (m, 1H), 8.86-8.90 (m, 1H),
0.07-9.13 (m, 1H). LCMS (ESI): m/z calculated for
|C,,H,,CIN,O.+H]" 417.11, found 417.2 [M+H]".

Example 68

Synthesis of (R)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetylglyci-
nate

Nal, K5,CO;, Acetone
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-continued

68

To a solution of 22a-(R) (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and 2-acetamidoacetic acid (53.2 mg, 0.45
mmol) 1n acetone (2 mL) was added K,CO, (105 mg, 0.76
mmol). The reaction was heated to 70° C. for 3 h. The

reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO,,,, (5 mL) and brine (5 mL). The

organic layer was dried over MgSQO,, filtered and concen-

trated to provide an oi1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 1/4) to afford 17 mg
(27% vyield) of the title compound 68 as a white foam. "H
NMR (500 MHz, DMSO-d,): 1.62-1.77 (m, 3H), 1.87 (s,
3H), 1.94-2.04 (br, 1H), 2.29-2.41 (m, 2H), 2.55-2.65 (m,
1H), 2.96 (s, 3H), 3.06-3.18 (m, 1H), 3.79-3.93 (m, 2H),
5.62-5.79 (m, 2H), 6.93-7.01 (m, 1H), 7.29-7.39 (m, 2H),
7.43-7.50 (m, 1H), 8.38 (t, I=5.8 Hz, 1H). LCMS (ESI): m/z
calculated tfor [C,,H,,CIN,O+H]|* 411.12, found 411.29
[M+H]™.

Example 69

Synthesis of ((((R)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-vali-
nate (69

69

To a solution of 22a-(R) (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and (S)-2-acetamido-3-methylbutanoic acid (72
mg, 0.45 mmol) 1n acetone (2 mL) was added K,CO, (105
mg, 0.76 mmol). The reaction was heated to 70° C. for 3 h.
The reaction was concentrated and redissolved in DCM (5
mL), washed with NaHCO;,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oi1l, which was purified on silica
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gel column eluting with Hexane/EA (1/0 to 1/4) to afford 56
mg (82% vyield) of the title compound 69 as a white foam.
'"H NMR (600 MHz, DMSO-d,): 0.89-0.96 (m, 6H) 1.59-
1.78 (br, 3H), 1.88 (s, 3H), 1.92-2.08 (br, 2H), 2.30-2.39 (m,
2H), 2.54-2.62 (m, 1H), 2.95 (s, 3H), 3.08-3.16 (m, 1H),
4.09-4.17 (m, 1H), 5.66-5.83 (m, 2H), 6.91-6.98 (m, 1H),
7.26-7.38 (m, 2H), 7.44-7.51 (m, 1H), 8.23 (d, J=7.3 Hz,
1H). LCMS (ESI): m/z calculated tor [C,,H,,CIN,O +H]"
453.17, found 453.21 [M+H]".

Example 70

Synthesis of ((((R)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-al-
aninate (70)

O
H
N
O .
O/\ Cl Nal, K>CO3, Acetone

70

To a solution of 22a-(R) (50 mg, 0.15 mmol), Nal (46 mg,
0.30 mmol) and (S)-2-acetamidopropanoic acid (60 mg,
0.45 mmol) 1n acetone (2 mL) was added K,CO, (105 mg,

0.76 mmol). The reaction was heated to 70° C. for 1 h. The

reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO; ., (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an oil, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 13/7) to aflord 54
mg (84% vyield) of the title compound 70 as a white foam.
'"H NMR (600 MHz, DMSO-d,): & 1.22-1.33 (m, 3H),
1.63-1.76 (m, 3H), 1.84 (s, 3H), 1.95-2.01 (m, 1H), 2.30-
2.41 (m, 2H), 2.55-2.63 (m, 1H), 2.95 (s, 3H), 3.07-3.16 (m,
1H), 4.18-4.26 (m, 1H), 5.65-5.78 (m, 2H), 6.90-7.00 (m,
1H), 7.26-7.38 (m, 2H), 7.43-7.50 (m, 1H), 8.38 (d, J=6.1
Hz, 1H). LCMS (ESI): m/z calculated for [C,,H,CIN,O.+
H]* 425.14, found 425.21 [M+H]".
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Example 71

Synthesis of ((((R)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-leu-
cinate (71)

O
H
N
N g
O
)J\ g
N Nal, K»>CO3, Acetone

71

To a solution of 22a-(R) (50 mg, 0.15 mmol), Nal (45 mg,
0.3 mmol) and (S)-2-acetamido-4-methylpentanoic acid (78

mg, 0.45 mmol) 1n acetone (2 mL) was added K,CO, (104
mg, 0.75 mmol). The reaction was heated to 70° C. for 1 h.

The reaction was concentrated and redissolved in DCM (5
mL), washed with NaHCO;,,, (5 mL) and brine (5 mL).
The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 3/2) to afford 55
mg (79% vyield) of the title compound 71 as a white foam.
"H NMR (500 MHz, DMSO-d,.): 4 0.85 (d, J=6.50 Hz, 3H),
0.90 (d, J=6.55 Hz, 3H), 1.42-1.60 (m, 2H), 1.60-1.78 (m,
4H), 1.85 (s, 3H), 1.92-2.00 (m, 1H), 2.31-2.41 (m, 2H),
2.54-2.63 (m, 1H), 2.94 (s, 3H), 3.06-3.15 (m, 1H), 4.20-
4.27 (m, 1H), 5.65-5.80 (m, 2H), 6.94-7.00 (m, 1H), 7.28-
7.37 (m, 2H), 7.45-7.49 (m, 1H), 8.31 (d, J=7.10 Hz, 1H).
LCMS (ESI): m/z calculated for [C,;H,,CIN,O+H]"
467.19, found 467.22 [M+H]".
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Example 72

Synthesis of ((((R)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-alloi-
soleucinate (72)

HO

-
Nal, K»CO3, Acetone
O O
. /\O
O
72

To a solution of 22a-(R) (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and (2S,3R)-2-acetamido-3-methylpentanoic

acid (79 mg, 0.45 mmol) in acetone (2 mL) was added
K,CO, (105 mg, 0.76 mmol). The reaction was heated to 70°

C. for 1 h. The reaction was concentrated and redissolved 1n
DCM (5 mL), washed with NaHCO; ., (5 mL) and brine (5
mlL). The organic layer was dried over MgSO,,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 3/2) to afford 60
mg (85% vyield) of the title compound 72 as a white foam.
"H NMR (600 MHz, DMSO-d,): 0.81-0.92 (m, 6H), 1.18-
1.26 (m, 1H), 1.38-1.49 (m, 1H), 1.59-1.81 (m, 4H), 1.87 (s,
3H), 1.93-2.01 (m, 1H), 2.30-2.40 (m, 2H), 2.54-2.62 (m,
1H), 2.95 (s, 3H), 3.08-3.16 (m, 1H), 4.14-4.20 (m, 1H),
5.66-5.82 (m, 2H), 6.93-6.98 (m, 1H), 7.29-7.37 (m, 2H),
7.45-7.50 (m, 1H), 8.26 (d, J=7.2 Hz, 1H). LCMS (ESI): m/z
calculated for [C,;H,,CIN,O+H]" 467.19, found 467.170
[M+H]".
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Example 73

Synthesis of (R)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 2-aminonico-
tinate (73)

0 NH,
HO S
O
I
......N\ O/\ o Nal, KCOj3, Acetone
O
22a-(R)
O O NH
7 |
O F
73

To a solution of 22a-(R) (50 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and 2-aminopyridine-3-carboxylic acid (63 mg,
0.45 mmol) 1n acetone (2 mL) was added K,CO, (105 mg,
0.76 mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO;,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was punified on silica gel
column eluting with Hexane/EA (1/0 to 2/3) to aflord 42 mg
(64% vield) of the title compound 73 as a pale-yellow foam.
'H NMR (600 MHz, DMSQO-d,): 1.59-1.76 (m, 3H), 1.90-
1.99 (m, 1H), 2.28-2.40 (m, 2H), 2.55-2.63 (m, 1H), 2.98 (s,
3H), 3.06-3.15 (m, 1H), 5.81-6.05 (m, 2H), 6.63-6.71 (m,
1H), 6.90-7.00 (m, 1H), 7.18-7.27 (m, 3H), 7.28-7.34 (m,
1H), 7.41-7.49 (m, 1H), 7.99-8.08 (m, 1H), 8.26 (dd, J=4.6,
1.9 Hz, 1H). CMS (ESI): m/z calculated {for
|C, H,,CIN,O.+H]™ 432.12, found 432.11 [M+H]".

Example 74

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl dimethyl-L-
alloisoleucinate hydrogen chloride (74)

H
N O
HO \n/ \/
O
O
<A ..
s N Nal, K>,CO3, Acetone
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-continued

144

NCOH,
AcOH
NaBH;CN

MeOH

O CF;COOH
NH,

-

74b

HCI/'EA
Ether

-

To a solution of 22a (200 mg, 0.6 mmol), Nal (90 mg, 1.2
mmol) and N-(tert-butoxycarbonyl)-L-1soleucine (391 mg,
1.8 mmol) 1n acetone (7.0 mL) was added K,CO, (415 mg,
3.0 mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO, ., (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-

trated to provide an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 7/3) to afford 302

mg (96% yield) of 74a as a white foam. "H NMR (600 MHz,
DMSO-d,): ¢ 0.78-0.88 (m, 6H), 1.17-1.28 (m, 1H), 1.32-
1.46 (m, 10H), 1.56-1.66 (m, 1H), 1.67-1.80 (m, 3H),
1.93-1.99 (m, 1H), 2.31-2.39 (m, 2H), 2.53-2.59 (m, 1H),
2.95 (s, 3H), 3.09-3.17 (m, 1H), 3.79-3.93 (m, 1H), 5.64-
5.84 (m, 2H), 6.92-7.01 (m, 1H), 7.29-7.40 (m, 3H), 7.44-
7.50 (m, 1H). LCMS (ESI): m/z calculated {for
[C,H;,CIN,O,+H]" 525.23, found 525.31 [M+H]".

To a solution of 74a (300 mg, 0.57 mmol) in DCM (20
ml.) was added trifluoroacetic acid (0.8 mL, 10.26 mmol).
The reaction was stirred at 25° C. for 16 h. The reaction was
concentrated to afford 307 mg of 74b as a colorless gum. 'H
NMR (600 MHz, DMSO-d,): 6 0.84-0.94 (m, 6H), 1.22-
1.32 (m, 1H), 1.42-1.51 (m, 1H), 1.56-1.79 (m, 3H), 1.83-
1.91 (m, 1H), 1.92-1.99 (m, 1H), 2.35-2.43 (m, 2H), 2.53-
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2.60 (m, 1H), 2.96 (s, 3H), 3.08-3.16 (m, 1H), 4.11 (br, 1H),
5.74-6.04 (m, 2H), 6.95-7.01 (m, 1H), 7.30-7.37 (m, 2H),
7.45-7.50 (m, 1H), 8.41 (br, 3H). LCMS (ESI): m/z calcu-
lated for [C, H,,CIN,O+H]® 425.18, found 425.22
[M+H]™.

Compound 74b (108 mg, 0.2 mmol) was dissolved in
MeOH (5.0 mL) and cooled to 0° C. in an 1ce bath. Acetic
acid (0.046 mlL., 0.8 mmol) and NaBH,CN (44 mg, 0.7

mmol) was added to the above solution and stirred at 0° C.
for 5 min. Formaldehyde (37% 1n H,O, 0.045 mlL) was
added at 0° C. and the reaction mixture was stirred at 30° C.
for 2 h. The reaction was quenched with NaHCO; and
diluted with water (5 mL). The aqueous layer was extracted
with DCM (5 mL) and the organic layer was washed with
brine (5 mL). The organic layer was dried over MgSO,,
filtered and concentrated to afford 67 mg of 74 as a colorless
gum. 'H NMR (600 MHz, DMSO-d,): 8 0.76-0.87 (m, 6H),
1.06-1.15 (m, 1H), 1.56-1.66 (m, 2H), 1.66-1.76 (m, 2H),
1.76-1.83 (m, 1H), 1.92-1.99 (m, 1H), 2.23 (s, 6H), 2.32-
2.39 (m, 2H), 2.54-2.63 (m, 1H), 2.83-2.90 (m, 1H), 2.96 (s,
3H), 3.08-3.16 (m, 1H), 5.70-5.83 (m, 2H), 6.92-6.96 (m,
1H), 7.27-7.36 (m, 2H), 7.46-7.49 (m, 1H). LCMS (ESI):
m/z calculated for [C,.H;;CIN,O.+H]™ 453.21, found
453.38 [M+H]".

To a solution of 74 (59 mg, 0.13 mmol) in ether (3.25 mL)
was added HCI (0.39 mL, 1N solution 1n EA). The reaction
was stirred at 25° C. for 5 min, filtered and the solid was
washed with cold ether to afford 31 mg (81% vyield) of the
title compound 74 HC] as a white solid. 'H NMR (600 MHz,
DMSO-dy): 0 0.80-0.97 (m, 6H), 1.19-1.29 (m, 1H), 1.38-
1.50 (m, 1H), 1.56-1.80 (m, 3H), 1.92-1.99 (m, 1H), 2.10-
2.26 (m, 1H), 2.34-2.44 (m, 2H), 2.51-2.60 (m, 1H), 2.82
(br, 6H), 2.97 (s, 3H), 3.07-3.16 (m, 1H), 4.10-4.26 (m, 1H),
5.70-6.05 (m, 2H), 6.96-7.02 (m, 1H), 7.29-7.37 (m, 2H),
7.46-7.50 (m, 1H), 9.97-10.28 (br, 1H). LCMS (ESI): m/z
calculated for [C,,H;;CIN,O+H]" 453.21, found 453.30
[M+H]™.

Example 75

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl methyl-1-
valinate hydrogen chloride (75)

NBoc
HO

-

Nal, K»,CO3, Acetone

1) TEA/DCM

T
2y HCl in EA/
ether

NBoc

75a
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-continued

O HCI

NH

75 HCI

To a solution of 22a (100 mg, 0.3 mmol), Nal (91 mg, 0.6
mmol) and Boc-N-methyl-L-valine (210 mg, 0.91 mmol) in
acetone (3 mL) was added K,CO, (209 mg, 1.5 mmol). The
reaction was heated to 70° C. for 1 h. The reaction was
concentrated and redissolved in DCM (10 mL), washed with
NaHCO;,,, (10 mL) and brine (10 mL). The organic layer
was dried over MgSQO,, filtered and concentrated to provide

an o1l, which was purified on silica gel column eluting with

Hexane/EA (1/0 to 4/1) to atford 140 mg (90% vyield) of 73a
as a sticky solid. '"H NMR (600 MHz, acetone-d,): 0.81-1.05
(m, 7H), 1.23-1.34 (m, 1H), 1.45 (s, 9H), 1.71-1.87 (m, 3H),
2.18-2.29 (m, 1H), 2.39-2.53 (m, 2H), 2.63-2.73 (m, 1H),
3.03 (s, 3H), 3.20-3.32 (m, 1H), 4.12-4.51 (m, 1H), 5.74-
5.91 (m, 2H), 7.03-7.12 (m, 1H), 7.29-7.37 (m, 2H), 7.43-
747 (m, 1H). LCMS (ESI): mv/z calculated for
[C,H;-,CIN,O,+H]™ 525.23, found 525.45 [M+H]".

To a solution of 75a (80 mg, 0.15 mmol) in DCM (6 mL)
was added trifluoroacetic acid (0.21 mL, 2.74 mmol). The

reaction was stirred at 25° C. for 16 h. The reaction was

concentrated to afford 80 mg of 75 TFA as a colorless gum.
'"H NMR (600 MHz, DMSO-d,): 0.87-1.07 (m, 6H), 1.55-
1.79 (m, 3H), 1.89-2.01 (m, 1H), 2.19-2.30 (m, 1H), 2.32-
2.44 (m, 2H), 2.54-2.66 (m, 4H), 2.97 (s, 3H), 3.07-3.18 (m,
1H), 4.10 (s, 1H), 5.70-6.08 (m, 2H), 6.92-7.03 (m, 1H),
7.27-7.40 (m, 2H), 7.43-7.53 (m, 1H), 8.93-9.31 (m, 2H).
LCMS (ESI): m/z calculated for [C,,H, ,CIN,O.+H]"
425.18, found 425.36 [M+H]".

Compound 735 TFA was extracted with DCM (15 mL) and
pH=3 HCl,,_,

MgSQO,, filtered and concentrated to afford a colorless gum.

(15 mL). The organic layer was dried over

The colorless gum was dissolved 1n ether (2 mL) and HCI
(0.1 mL, IN solution 1n EA) was added. The reaction was
stirred at 25° C. for 5 min, filtered and the solid was washed
with cold ether to aflord 26 mg (40% vield) of the title
compound 75 HCI as a white solid. 'H NMR (500 MHz,
methanol-d4): o 0.97-1.17 (m, 6H), 1.20-1.41 (m, 3H),
1.65-1.82 (m, 2H), 1.82-1.94 (m, 1H), 1.95-2.07 (m, 1H),
2.25-2.38 (m, 1H), 2.40-2.63 (m, 2H), 2.65-2.80 (m, 4H),
2.99-3.09 (m, 3H), 3.93-4.06 (m, 1H), 5.69-6.14 (m, 2H),
7.06-7.17 (m, 1H), 7.26-7.38 (m, 2H), 7.43-7.52 (m, 1H).
LCMS (ESI): m/z calculated for [C,,H,,CIN,O.+H]"
425.18, found 425.36 [M+H]".
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Example 76

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl dimethyl-L-
leucinate hydrogen chloride (76)

Nal, K5CO3, Acetone

22a
X
r .
=
P NHBoc TF A:-—
O O 5
C
M
764
1) HCOH,
O O CF;,COOH  AcOH,
3 )]\ NaBH;CN/
S o /\O NH, MeOH _
2) HCI in EA/
ether
76b
B
HCI
)‘I\ /\
O
76 HCI

To a solution of 22a (200 mg, 0.6 mmol), Nal (90 mg, 1.2
mmol) and N-(tert-butoxycarbonyl)-L-leucine (391 mg, 1.8
mmol) 1n acetone (7.0 mL) was added K,CO, (415 mg, 3.0
mmol). The reaction was heated to 70° C. for 1 h. The
reaction was concentrated and redissolved in DCM (5 mL),
washed with NaHCO;,,,,, (5 mL) and brine (5 mL). The
organic layer was dried over MgSQO,, filtered and concen-
trated to provide an o1l, which was punified on silica gel
column eluting with Hexane/EA (1/0 to 7/3) to aflord 302
mg (96% yield) of 76a as a white foam. 'H NMR (500 Mz,
DMSO-d,): ¢ 0.80-0.90 (m, 6H), 1.31-1.44 (m, 10H), 1.49-
1.59 (m, 1H), 1.60-1.78 (m, 4H), 1.92-2.00 (m, 1H), 2.30-
2.40 (m, 2H), 2.52-2.61 (m, 1H), 2.95 (s, 3H), 3.07-3.17 (m,
1H), 3.88-4.03 (m, 1H), 5.60-5.83 (m, 2H), 6.94-7.02 (m,
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1H), 7.29-7.40 (m, 3H), 7.44-7.49 (m, 1H). LCMS (ESI):
m/z calculated for [C,.H,;,CIN,O,+H]|" 525.23, found
525.16 [M+H]".

To a solution of 76a (300 mg, 0.57 mmol) i DCM (20
ml.) was added trifluoroacetic acid (0.8 mL, 10.26 mmol).
The reaction was stirred at 25° C. for 16 h. The reaction was
concentrated to afford 307 mg of 76b as a colorless gum. 'H
NMR (600 MHz, DMSO-d,): 6 0.87-0.92 (m, 6H), 1.55-
1.80 (m, 6H), 1.92-1.98 (m, 1H), 2.35-2.42 (m, 2H), 2.53-
2.61 (m, 1H), 2.96 (s, 3H), 3.07-3.16 (m, 1H), 4.09 (br, 1H),
5.74-5.97 (m, 2H), 6.97-7.02 (m, 1H), 7.30-7.3°7 (m, 2H),
7.45-7.50 (m, 1H), 8.45 (br, 3H). LCMS (ESI): m/z calcu-
lated for [C,,H,,CIN,O.+H]™ 425.18, found 425.36
[M+H]™.

Compound 76b (245 mg, 0.45 mmol) was dissolved 1n
MeOH (11.25 mL) and cooled to 0° C. 1n an 1ce bath. Acetic
acid (0.1 mL, 1.8 mmol) and NaBH,CN (108 mg, 1.575
mmol) was added to the above solution and stirred at 0° C.
for 5 min. Formaldehyde (37% i H,O, 0.1 mL) was added
at 0° C. and the reaction mixture was stirred at 30° C. for 1
h. The reaction was quenched with NaHCO; and diluted
with water (5 mL). The aqueous layer was extracted with
DCM (S mL) and the organic layer was washed with brine
(5 mL) and pH=3 HCI ,_, (25 mL). The organic layer was
dried over MgSQO,, filtered and concentrated to afford a
colorless gum. The colorless gum was dissolved 1n ether
(3.38 mL) and HCI (0.4 mL, 1N solution in EA) was added.
The reaction was stirred at 25° C. for 5 min, filtered and the
solid was washed with cold ether to afford 28 mg (13%
yield) of the title compound 76 HCI as a light yellow solid.
'"H NMR (500 MHz, DMSO-d,): & 0.87-0.95 (m, 6H),
1.56-1.85 (m, 6H), 1.91-1.98 (m, 1H), 2.34-2.43 (m, 2H),
2.53-2.62 (m, 1H), 2.80 (s, 6H), 2.97 (s, 3H), 3.07-3.16 (m,
1H), 4.16-4.24 (m, 1H), 5.70-6.00 (m, 2H), 6.96-7.05 (m,
1H), 7.30-7.37 (m, 2H), 7.44-7.50 (m, 1H), 10.90-11.60 (m,
1H). LCMS (ESI): m/z calculated for [C, H;,CIN,O.+H]"
453.21, found 453.3 [M+H]".

Example 77

Synthesis of ((({(S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl diethyl-L-
valinate hydrogen chloride (77)

R
‘ 0 0 CECOOI Acetaldehyde,
3 AcOH
o \/ NaBH;CN
‘.f /\ NH2 MeOH >

37
PN

o \/)k HCIVEA _
s - \/ Ether
O
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Y.
HCI
Cl/\/)l\
s /\ \/
O
77 HCI

Compound 37 (190 mg, 0.36 mmol) was dissolved in
MeOH (18.0 mL) and cooled to 0° C. 1n an ice bath. Acetic

acid (0.082 mL, 1.44 mmol) and NaBH,CN (79 mg, 1.26
mmol) was added to the above solution and stirred at 0° C.
for 5 min. Acetaldehyde (0.2 mL, 3.58 mmol) was added at
0° C. and the reaction mixture was stirred at 30° C. for 1.5
h. The reaction was quenched with NaHCO; and diluted
with water (5 mL). The aqueous layer was extracted with
DCM (5 mL) and the organic layer was washed with brine
(5 mL). The organic layer was dried over MgSQO,,, filtered
and concentrated to aflord 148 mg of 77 (88% vield) as a
white solid. "H NMR (600 MHz, DMSO-d,): 8§ 0.84 (d,
I=6.4 Hz, 3H), 0.92 (d, J=6.5 Hz, 3H), 0.99 (1, J=7.1 Hz,
6H), 1.56-1.78 (m, 3H), 1.92-2.00 (m, 2H), 2.26-2.41 (m,
4H), 2.54-2.62 (m, 1H), 2.66-2.76 (m, 2H), 2.88-2.93 (m,
1H), 2.95 (s, 3H), 3.08-3.16 (m, 1H), 5.70-5.82 (m, 2H),
6.94-6.97 (m, 1H), 7.27-7.36 (m, 2H), 7.46-7.49 (m, 1H).
LCMS (ESI): m/z calculated for [C,,H,;CIN,O.+H]"
467.22, found 467.28 [M+H]".

To a solution of 77 (100 mg, 0.214 mmol) in ether (5.35
ml.) was added HCI (0.64 mL, 1 N solution in EA). The
reaction was stirred at 25° C. for 5 min, filtered and the solid
was washed with cold ether to afford 88 mg (82% vield) of
the title compound 77 HCI as a white solid. 'H NMR (600
MHz, DMSO-d,): ¢ 0.90-1.00 (m, 3H), 1.01-1.09 (m, 3H),
1.14-1.28 (m, 6H), 1.56-1.80 (m, 3H), 1.92-1.98 (m, 1H),
2.32-2.48 (m, 3H), 2.54-2.62 (m, 1H), 2.97 (s, 3H), 3.06-
3.28 (m, SH), 4.14-4.24 (m, 1H), 5.70-6.05 (m, 2H), 6.98-
7.04 (m, 1H), 7.28-7.37 (m, 2H), 7.46-7.50 (m, 1H), 9.97-
10.10 (br, 1H). LCMS (ESI): m/z calculated {for
|C,,H;.CIN,O.+H]" 467.22, found 467.39 [M+H]".

Example 78

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl methyl-L-
alaminate 2,2,2-trifluoroacetic acid (78)

T
NBoc
X HO
r
e /
Cl S Nal, K»CO;
& -
O/\C ] Acetone
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-continued

O O

)J\ TFA _
NBoc
0”0 DCM

78a

X

‘ O O CF;COOH
yd /

To a solution of 22a (100 mg, 0.3 mmol), Nal (91 mg, 0.6
mmol) and N-(tert-butoxycarbonyl)-N-methyl-L-alanine
(185 mg, 0.91 mmol) 1n acetone (3 mL) was added K,CO,
(209 mg, 1.5 mmol). The reaction was heated to 70° C. for
1 h. The reaction was concentrated and redissolved in DCM
(10 mL), washed with NaHCO;,,,, (10 mL) and brine (10
mlL). The organic layer was dried over MgSO,,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 3/1) to afford
140 mg (94% yield) of 78a as a sticky solid. '"H NMR (600
MHz, Acetone-d;): 1.36-1.47 (m, 12H) 1.70-1.87 (m, 3H),
2.39-2.53 (m, 2H), 2.64-2.73 (m, 1H), 2.79-2.86 (m, 4H),
3.04 (s, 3H), 3.21-3.31 (m, 1H), 4.49-4.78 (m, 1H), 5.67-
5.90 (m, 2H), 7.06-7.12 (m, 1H), 7.28-7.37 (m, 2H), 7.43-
748 (m, 1H). LCMS (ESI): mv/z calculated for

[C,.H,,CIN,O+H[* 497.2, found 497.21 [M+H]*.

To a solution of 78a (108 mg, 0.217 mmol) 1n DCM (8
ml.) was added trifluoroacetic acid (0.3 mL, 3.91 mmol).
The reaction was stirred at 25° C. for 16 h. The reaction was
concentrated to aflord 100 mg of the title compound 78 TFA
as a colorless gum. '"H NMR (500 MHz, DMSO-d,.): 1.35-
1.45 (m, 3H), 1.58-1.82 (m, 3H), 1.91-2.02 (m, 1H), 2.32-
2.43 (m, 2H), 2.54-2.65 (m, 3H), 2.98 (s, 3H), 3.06-3.17 (m,
1H), 4.15-4.25 (m, 1H), 5.69-5.98 (m, 2H), 6.96-7.03 (m,
1H), 7.29-7.39 (m, 2H), 7.44-7.53 (m, 1H), 9.03-9.24 (m,
2H). LCMS (ESI): m/z calculated for [C, H, CIN,O.+H]"
397.15, found 397.3 [M+H]".
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Example 79

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl dipropyl-L-
valinate (79)

O
N\/\
HO
-
Nal, K,CO3, Acetone
22a
R
‘ O O
Cl/\/)k
O/\O N\/\
79

To a solution of 22a (350 mg, 0.15 mmol), Nal (45 mg,
0.30 mmol) and (S)-2-(dipropylamino)-3-methylbutanoic
acid (92 mg, 0.45 mmol) in acetone (2 mL) was added
K,CO; (105 mg, 0.76 mmol). The reaction was heated to 70°
C. for 1 h. The reaction was concentrated and redissolved 1n
DCM (5 mL), washed with NaHCO; ,,,, (5 mL) and brine (5
mL). The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 4/1) to afford 26
mg (35% yield) of the title compound 79 as a white solid. "H
NMR (600 MHz, acetone-d): 0.85-0.92 (m, 9H), 0.98-1.03
(m, 3H), 1.38-1.54 (m, 4H), 1.71-1.87 (m, 3H), 1.98-2.03
(m, 2H), 2.32-2.40 (m, 2H), 2.41-2.48 (m, 1H), 2.49-2.355
(m, 1H), 2.58-2.66 (m, 2H), 2.66-2.74 (m, 1H), 2.87-2.94
(m, 1H), 3.03 (s, 3H), 3.20-3.28 (m, 1H), 5.76-5.89 (m, 2H),
7.06-7.11 (m, 1H), 7.27-7.35 (m, 2H), 7.43-7.49 (m, 1H).
LCMS (ESI): m/z calculated for [C,.H,,CIN,O.+H]"
495.25, found 495.16 [M+H]".
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Example 80

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl L-leucinate
hydrogen chloride (80)

AN
‘ o CF3COOH
)J\ 1) NHHCO3(H®
NH,
/\ ) HClin EA/
ether
5 5 HCI
$ )J\ NH,
: O/\ 5
80 HCl

Compound 15 (148 mg, 0.275 mmol) was dissolved 1n
DCM and washed with pH=8 NaHCO,; .. The organic
layer was dried over MgSQO_, filtered and concentrated to get
a Iree base compound. The free base compound was dis-
solved 1n ether (6.875 mL) and HC1 (0.825 mL, 1 N solution
in EA) was added. The reaction was stirred at 25° C. for 5
min, filtered and the solid was washed with cold ether to
allord 126 mg (99% vield) of the title compound 80 HCI as
a white solid. 'H NMR (600 MHz, DMSO-d,): § 0.87-0.92
(m, 6H), 1.57-1.80 (m, 6H), 1.92-1.98 (m, 1H), 2.37-2.43
(m, 2H), 2.54-2.62 (m, 1H), 2.96 (s, 3H), 3.07-3.16 (m, 1H),
4.04-4.10 (m, 1H), 5.70-5.97 (m, 2H), 6.98-7.02 (m, 1H),
7.30-7.38 (m, 2H), 7.46-7.50 (m, 1H), 8.45 (br, 3H). LCMS
(ESI): m/z calculated for [C,,H,,CIN,O.+H]™ 425.18,
found 425.32 [M+H]".

Example 81

Synthesis of ((({(S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl 1sopropyl-L-
valinate hydrogen chloride (81)

Acetone, AcOH
NH; NaBH3;CN

HO MeOH

8la
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H
N 1) KoCO3, Nal, Acetone
HO . -
2) HCl in EA/ether

81b

HCl

81 HCI

L-valine 81la (234 mg, 2 mmol) was dissolved in MeOH
(25.0 mL) and cooled to 0° C. 1 an 1ce bath. Acetic acid
(0.46 mL, 8 mmol) and NaBH,CN (220 mg, 7 mmol) was
added to the above solution and stirred at 0° C. for 5 min.
Acetone (1 mL, 18 mmol) was added at 0° C. and the
reaction mixture was stirred at 50° C. for 16 h. The reaction
was concentrated and washed with acetone, DCM and

hexane to afford 315 mg of 1sopropyl-L-valine 81b (99%
yield) as a white solid. '"H NMR (600 MHz, methanol-d,):

0 1.06 (d, J=7.0 Hz, 3H), 1.09 (d, J=7.0 Hz, 3H), 1.31 (dd,
I1=6.6, 0.5 Hz, 3H), 1.36 (d, J=6.6 Hz, 3H), 2.17-2.25 (m,
1H), 3.32-3.38 (m, 1H), 3.40-3.43 (m, 1H). LCMS (ESI):
m/z calculated for [C,H,-NO,+H]" 160.13, found 159.93
[M+H]™.

To a solution of 22a (50 mg, 0.15 mmol), Nal (45 mg, 0.3
mmol) and 81b (72 mg, 0.45 mmol) 1n acetone (1.75 mL)
was added K,CO; (103.65 mg, 0.75 mmol). The reaction
was heated to 70° C. for 1 h. The reaction was concentrated
and redissolved in DCM (5 mL), washed with NaHCO;
(5 mL) and brine (5 mL). The organic layer was dried over
MgSQO,, filtered and concentrated to provide an o1l, which
was purified on silica gel column eluting with Hexane/EA
(1/0 to 7/3) to aflord a colorless gum. The colorless gum was
dissolved 1 ether (2.25 mL) and HCI (0.27 mL, 1 N solution
in EA) was added. The reaction was stirred at 25° C. for 5
min, filtered and the solid was washed with cold ether to
alford 20 mg (27% vyield) of the title compound 81 HCI as
a white solid. "H NMR (600 MHz, DMSO-d,): 80.96 (d,
J=6.6 Hz, 3H), 1.05 (d, J=6.8 Hz, 3H), 1.24-1.29 (m, 6H),
1.56-1.80 (m, 3H), 1.92-1.98 (m, 1H), 2.30-2.44 (m, 4H),
2.54-2.62 (m, 1H), 2.96 (s, 3H), 3.08-3.15 (m, 1H), 4.10-
4.16 (m, 1H), 5.74-6.00 (m, 2H), 6.98-7.02 (m, 1H), 7.30-
7.37 (m, 2H), 7.46-7.49 (m, 1H), 8.88-9.16 (m, 2H). LCMS
(ESI): m/z calculated for [C,.H;;CIN,O.+H]™ 453.21,
found 453.3 [M+H]".

10

15

20

25

30

35

40

45

50

55

60

65

106

Example 82

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl propyl-L-
valinate hydrogen chloride (82)

Boc

AN

HO

Nal, K>CO3, Acetone

Boc 1) TFA/DCM

3 N -
N N0 O "X\ 2)HClin EA/
\ ether
O

824

HCI

O O
H
s N)ko/\o M
\
O

82 HCI

To a solution of 22a (100 mg, 0.3 mmol), Nal (91 mg, 0.6
mmol) and N-(tert-butoxycarbonyl)-N-propyl-L-valine (236
mg, 0.91 mmol) 1n acetone (3 mL) was added K,CO, (209
mg, 1.5 mmol). The reaction was heated to 70° C. for 1 h.

The reaction was concentrated and redissolved in DCM (10
ml ), washed with NaHCO,,,,, (10 mL) and brine (10 mL).
The organic layer was dried over MgSO,, filtered and
concentrated to provide an oil, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 9/1) to afford 68
mg (41% yield) of 82a as a sticky solid. "H NMR (500 MHz,
acetone-d,): 0.81-1.07 (m, 6H), 1.44 (s, 9H), 1.53-1.67 (m,
2H) 1.71-1.88 (m, 3H), 2.26-2.39 (m, 1H), 2.39-2.46 (m,
1H), 2.47-2.56 (m, 1H), 2.64-2.74 (m, 1H), 2.77-2.79 (m,
4H), 3.03 (s, 3H), 3.07-3.36 (m, 3H), 3.76-4.23 (m, 1H),
5.71-5.91 (m, 2H), 7.05-7.12 (m, 1H), 7.28-7.36 (m, 2H),
7.43-748 (m, 1H). LCMS (ESI): m/z calculated {for
[C,sH,,CIN,O-+H]" 553.26, found 553.20 [M+H]".

To a solution of 82a (64 mg, 0.116 mmol) in DCM (4 mL)
was added trifluoroacetic acid (0.16 mL, 2.08 mmol). The
reaction was stirred at 25° C. for 16 h. The reaction was
concentrated to afford 60 mg of 82 TFA as a colorless gum.
82 TFA was extracted with DCM (15 mL) and pH=3 HCI,, ,
(15 mL). The organic layer was dried over MgSO,, filtered
and concentrated to aflord a colorless gum. The colorless
gum was dissolved i ether (2 mL) and HCI (0.1 mL, 1IN
solution 1n EA) was added. The reaction was stirred at 25°
C. for 5 min, filtered and the solid was washed with cold
cther to afford 40 mg (73% vield) of the title compound 82
HC] as a white solid. "H NMR (600 MHz, methanol-d4): &
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0.97-1.07 (m, 6H), 1.07-1.16 (m, 3H), 1.65-1.82 (m, 4H),
1.83-1.94 (m, 1H), 1.95-2.06 (m, 1H), 2.24-2.37 (m, 1H),
2.40-2.63 (m, 2H), 2.66-2.76 (m, 1H), 2.90-3.01 (m, 2H),
3.04 (s, 3H), 3.97 (s, 1H), 5.70-6.10 (m, 2H), 7.07-7.16 (m,
1H), 7.27-7.36 (m, 2H), 7.43-7.52 (m, 1H). LCMS (ESI):
m/z calculated for [C,,H;;CIN,O.+H]" 453.21, found 453.3
[M+H]™.

Example 83

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl ethyl-L-vali-

nate (83)
O
I%oc
HO \/
O
Cl S -
3 NG Nal, K>CO3, Acetone

Roc 1) TEA/DCM
-
N~ 2)HClinEA/
ether
83a
HC
0 0
'} §
3 TN \/
0 0
83 HCI

To a solution of 22a (100 mg, 0.3 mmol), Nal (91 mg, 0.6
mmol) and N-(tert-butoxycarbonyl)-N-ethyl-L-valine (223
mg, 0.91 mmol) 1n acetone (3 mL) was added K,CO, (209
mg, 1.5 mmol). The reaction was heated to 70° C. for 1 h.
The reaction was concentrated and redissolved in DCM (10
mL), washed with NaHCO;,_,,, (10 mL) and brine (10 mL).
The organic layer was dried over MgSQO,, filtered and
concentrated to provide an oi1l, which was purified on silica
gel column eluting with Hexane/EA (1/0 to 9/1) to afford 40
mg (25% vyield) of 83a as a sticky solid. 'H NMR (500 MHz,
acetone-d,): 0.83-1.06 (m, 7H), 1.09-1.19 (m, 3H), 1.45 (s,
OH), 1.71-1.87 (m, 4H), 2.37-2.57 (m, 2H), 2.62-2.75 (m,
1H), 3.03 (s, 3H), 3.17-3.50 (m, 3H), 3.79-4.30 (m, 1H),
5.71-5.94 (m, 2H), 7.03-7.12 (m, 1H), 7.29-7.37 (m, 2H),
7.42-7.49 (m, 1H). LCMS (ESI): m/z calculated {for
[C,-H;oCIN,O-+H]" 539.24, found 539.25 [M+H]".

To a solution of 83a (40 mg, 0.074 mmol) in DCM (3 mL)
was added trifluoroacetic acid (0.1 mL, 1.34 mmol). The
reaction was stirred at 25° C. for 16 h. The reaction was
concentrated to afford 50 mg of 83 TFA as a colorless gum.

83 TFA was extracted with DCM (15 mL) and pH=3 HCI

(aq)
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(15 mL). The organic layer was dried over MgSO,,, filtered
and concentrated to afford a colorless gum. The colorless
gum was dissolved in ether (2 mL) and HCI (0.1 mL, 1IN
solution 1n EA) was added. The reaction was stirred at 25°
C. for 5 min, filtered and the solid was washed with cold
cther to afford 50 mg (77% vield) of the title compound 83
HC] as a white solid. "H NMR (600 MHz, methanol-d4): 8
0.99-1.07 (m, 3H), 1.08-1.16 (m, 3H), 1.26-1.37 (m, 4H),
1.65-1.81 (m, 2H), 1.83-1.93 (m, 1H), 1.95-2.06 (m, 1H),
2.25-2.37 (m, 1H), 2.41-2.62 (m, 2H), 2.65-2.76 (m, 1H),
3.04 (s, 3H),3.07-3.17 (m, 2H), 4.04 (s, 1H), 5.72-6.09 (m,
2H), 7.08-7.15 (m, 1H), 7.28-7.36 (m, 2H), 7.43-7.50 (m,
1H). LCMS (ESI): m/z calculated for [C,,H;,CIN,O.+H]"
439.19, found 439.27 [M+H]".

Example 84

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl benzoate (84)

O

P NN

X
wir \
N

Nal, K>CO3, Acetone

T

® ®
s N\)‘\O/\O)‘\C
o s

To a solution of 22a (50 mg, 0.15 mmol), Nal (45 mg,

0.30 mmol) and benzoic acid (55 mg, 0.45 mmol) 1n acetone
(2 mL) was added K,CO, (105 mg, 0.76 mmol). The
reaction was heated to 70° C. for 1 h. The reaction was
concentrated and redissolved in DCM (5 mL), washed with
NaHCO,(sat) (5 mL) and brine (5 mL). The organic layer
was dried over MgSQO,,, filtered and concentrated to provide

an o1l, which was purified on silica gel column eluting with
Hexane/EA (1/0 to 4/1) to aflord 50 mg (80% vyield) of the

title compound 84 as a white solid. "H NMR (500 MHz,
acetone-d,): 1.67-1.87 (m, 2H), 2.38-2.53 (m, 2H), 2.65-
2.75 (m, 1H), 2.77-2.79 (m, 2H), 3.06 (s, 3H), 3.17-3.30 (m,
1H), 5.93-6.09 (m, 2H), 7.08 (dd, J=7.8, 1.6 Hz, 1H)),
7.18-7.24 (m, 1H), 7.25-7.30 (m, 1H), 7.43 (dd, I=7.9, 1.4
Hz, 1H), 7.53-7.60 (m, 2H), 7.67-7.74 (m, 1H), 8.05 (d,
I=7.5 Hz, 2H). LCMS (ESI): lated {for

m/z calcu.
[C,,.H,,CINO+H]" 416.12, found 416.08 [M+H]".
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Example 85

Synthesis of (S)-(((1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl piperidine-4-
carboxylate (85)

-

85

To a solution of 1b (50 mg, 0.15 mmol), Nal (44 mg, 0.29
mmol) and benzoic acid (53 mg, 0.44 mmol) 1n acetone (2
ml.) was added K,CO, (102 mg, 0.73 mmol). The reaction
was heated to 70° C. for 1 h. The reaction was concentrated
and redissolved in DCM (5 mL), washed with NaHCO;
(5 mL) and brine (5 mL). The organic layer was drnied over
MgSQO,, filtered and concentrated to provide an o1l, which

was purified on silica gel column eluting with Hexane/EA
(1/0 to 4/1) to afford 30 mg (80% vield) of the fitle

compound 85 as a white solid. "H NMR (600 MHz, acetone-
de): 1.50-1.68 (m, 3H), 1.70-1.86 (m, 3H), 2.33-2.54 (m,
2H), 2.753-2.79 (m, 2H), 3.03-3.11 (m, 3H), 3.19-3.34 (m,
1H), 6.95-7.02 (m, 1H), 7.08-7.16 (m, 1H), 7.24-7.33 (m,
2H), 7.40-7.46 (m, 1H), 7.51-7.57 (m, 2H), 7.65-7.70 (m,
1H), 7.97-8.09 (m, 2H). LCMS (ESI): m/z calculated for
[C,.H,,CINO.+H]" 430.13, found 430.02 [M+H]".

Example 86

Synthesis of (piperidine-4-carboxyloyloxy)methyl
(S)-1-(2-chlorophenyl)-2-oxocyclohexylmethylcar-
bamate (86)

HO

NBoc

-

Nal, K»,CO3, Acetone
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-continued
O O 1) TFA/
)k DCM__
Pa 2) HCI
O O in EA/
ether
\/NBDC
86a
O O

HCI

)J\O/\O)k/\

H

36 HCI

To a solution of 22a (100 mg, 0.30 mmol), Nal (90 mg,
0.60 mmol) and 1-(tert-butoxycarbonyl)piperidine-4-car-
boxylic acid (208 mg, 0.91 mmol) 1n acetone (4 mL) was
added K,CO; (210 mg, 1.51 mmol). The reaction was heated
to 70° C. for 1 h. The reaction was concentrated and
redissolved in DCM (5 mL), washed with NaHCO,,,, (5
mlL) and brine (5 mL). The organic layer was dried over
MgSQO,, filtered and concentrated to get an oil, which was
then purified on silica gel column eluting with Hexane/EA
(1/0 to 4/1) to aflord 120 mg (76% vield) of 86a as a white
foam. 'H NMR (600 MHz, acetone-d.): 1.44 (s, 9H),
1.48-1.59 (m, 2H), 1.69-1.92 (m, 6H), 2.40-2.52 (m, 2H),
2.55-2.64 (m, 1H), 2.65-2.73 (m, 1H), 2.83-2.99 (m, 2H),
3.03 (s, 3H), 3.21-3.30 (m, 1H), 3.90-4.00 (m, 2H), 5.66-
5.85 (m, 2H), 7.05-7.09 (m, 1H), 7.28-7.33 (m, 2H), 7.43-
7.4°7 (m, 1H). LCMS (ESI): m/z Calcd tfor [C,H,CIN,O,+
H]* 523.21, found 522.99 [M+H]™

To a solution of 86a (115 mg, 0.219 mmol) mm DCM (8
ml.) was added trifluoroacetic acid (0.3 mL, 3.96 mmol).
The reaction was stirred at 25° C. for 16 h. The reaction was
concentrated to alford 160 mg of 85 TFA as a colorless gum.
The title compound (86) TFA was extracted with DCM (15
ml.) and pH=3 HCl,,_, (15 mL). The organic layer was dried
over MgSQO,, filtered and concentrated to aflord a colorless
gum. The colorless gum was dissolved 1n ether (2 mL) and
HCI (0.1 mL, 1IN solution 1n EA) was added. The reaction
was stirred at 25° C. for 5 min, filtered and the solid was
washed with cold ether to afford 60 mg (60% vyield) of the
title compound (86) HCI as a white powder. '"H NMR (600
MHz, methanol-d4): o 1.67-1.83 (m, 2H), 1.83-1.95 (m,
3H), 1.97-2.06 (m, 1H), 2.08-2.18 (m, 2H), 2.39-2.47 (m,
1H), 2.48-2.57 (m, 1H), 2.67-2.74 (m, 1H), 2.75-2.83 (m,
1H), 3.00-3.12 (m, SH), 3.32-3.39 (m, 2H), 4.49-4.66 (m,

1H), 5.60-5.93 (m, 2H), 7.06-7.11 (m, 1H), 7.28-7.34 (m,
2H), 7.44-7.49 (m, 1H). LCMS (BESI): m/z Caled for
[C,,H,,CIN,O.+H]* 423.16, found 423.29 [M+H]".
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Example 87

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-D-pro-
linate (87)

HO

DIPEA, CH;CN

87

To a solution of 22a (100 mg, 0.3 mmol), and N-acetyl
L-proline (71 mg, 0.45 mmol) 1n acetonitrile (1 mL) was
added DIPEA (N,N-dusopropylethylamine, 81 mg, 0.6
mmol). The reaction was stirred at room temperature for 24
h. The reaction was concentrated and redissolved in EtOAc
(5 mL), washed with 1N HCl, ,, NaHCO;,,,,, (5 mL) and
brine (5 mL) sequentially. The organic layer was dried over
MgS0O4, filtered and concentrated, and purified on silica gel
column eluting with Hexane/EA (3/1 to 1/3) to afford 100
mg (73% yield) of the title compound (87) as a white solid.
"H NMR (500 MHz, Chloroform-d) & 7.48-7.05 (m, 4H),
5.85(s,2H),4.46 (dd, J=4.9, 4.0 Hz, 1H), 3.69 (ddd, J=12.0,
5.2, 4.4 Hz, 1H), 3.49 (ddd, J=12.0, 5.2, 4.5 Hz, 1H), 3.02
(s, 3H), 2.59 (dddd, J=7.1, 4.0, 2.9, 1.3 Hz, 2H), 2.30-2.14
(m, 3H), 2.10 (s, 3H), 2.06-1.89 (m, 3H), 1.75-1.33 (m, 4H).
LCMS (ESI): m/z Calcd for [C22H27CIN206+H]™ 451.16,
found 451.02 [M+H]+
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Example 88

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-phe-
nylalaninate (88)

O
H
N
0 e
O
/\ AN
],
Cl/\/)J\ /
S -
§ DIPEA. CILCN
. N\ O/\Cl 3
O
22a

To a solution of 22a (100 mg, 0.3 mmol), and N-acetyl
L-phenylalanine (94 mg, 0.45 mmol) 1n acetonitrile (1 mL)
was added DIPEA (N,N-diuisopropylethylamine, 81 mg, 0.6
mmol). The reaction was stirred at room temperature for 24
h. The reaction was concentrated and redissolved 1mn EtOAc
(5 mL), washed with 1N HCl, ,, NaHCO;,,,, (5 mL) and
brine (5 mL) sequentially. The organic layer was dried over
MgSO,, filtered and concentrated, and purified on silica gel
column eluting with Hexane/EA (3/1 to 1/3) to afford 100
mg (66% yield) of the title compound (88) as a white solid.
'"H NMR (500 MHz, Chloroform-d) 8 7.41 (dd, J=7.0, 2.4
Hz, 1H), 7.35-7.14 (m, 6H), 7.14-6.93 (m, 3H), 5.93-5.78
(m, 2H), 5.75 (s, 1H), 4.88 (dt, J=7.9, 5.9 Hz, 1H), 3.36-3.21
(m, 1H), 3.14 (dd, J=14.0, 5.7 Hz, 1H), 3.00 (s, 4H),
2.73-2.51 (m, 2H), 2.45 (s, 1H), 1.95 (s, 4H), 1.90-1.75 (m,
1H), 1.75-1.64 (m, 2H), 1.62 (s, 2H). LCMS (ESI): m/z
Calcd for [C,H,,CIN,O+H]™ 3501.18, found 501.16
[M+H]™
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Example 89

Synthesis of ((((S)-1-(2-chlorophenyl)-2-oxocyclo-
hexyl)(methyl)carbamoyl)oxy)methyl acetyl-L-tyro-
sinate (89)

HO

Dy

0O Cl DIPEA, CH;CN

HO
89

To a solution of 22a (100 mg, 0.3 mmol), and N-acetyl

L-tyrosine (100 mg, 0.45 mmol) 1n acetonitrile (1 mL) was
added DIPEA (N,N-dusopropylethylamine, 81 mg, 0.6
mmol). The reaction was stirred at room temperature for 24

h. The reaction was concentrated and redissolved in EtOAc
(5 mL), washed with IN HCI , ,, NaHCO;,,, (5 mL) and
brine (5 mL) sequentially. The organic layer was dried over
MgSQO,, filtered and concentrated, and purified on silica gel
column eluting with Hexane/EA (3/1 to 1/3) to aflord 100
mg (64% yield) of the title compound (89) as a white solid.
"H NMR (500 MHgz, Chloroform-d) 8§ 7.40 (dd, J=7.1, 2.2
Hz, 1H), 7.30-7.14 (m, 3H), 6.99 (dd, J=7.2, 2.4 Hz, 1H),
6.91 (d, J=8.0 Hz, 2H), 6.68 (d, J=8.3 Hz, 2H), 6.40 (s, 1H),
6.04 (d, J=7.9 Hz, 1H), 5.90-3.54 (m, 2H), 4.84 (q, J=6.5 Hz,
1H), 3.28 (t, J=12.0 Hz, 1H), 3.13-2.85 (m, 4H), 2.76-2.49
(m, 2H), 2.42 (s, 1H), 1.94 (s, 4H), 1.86 (dtd, J=13.7, 9.2, 4.7
Hz, 1H), 1.77-1.534 (m, 4H). LCMS (ESI): m/z Calcd for
[C,.H,,CIN,O-+H]" 517.17, found 517.16 [M+H]"
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Example 90

Synthesis of 1-((((S)-1-(2-chlorophenyl)-2-oxocy-
clohexyl)(methyl)carbamoyl)oxy)ethyl dimethyl-L-
valinate (90)

||

AN AN

“
< N)J\O Cl
\

O
la

Cl

-

HO
Nal, Et3N, Acetone

90

To a solution of 1a (500 mg, 1.45 mmol), Nal (436 mg,
2.91 mmol) and (S)-2-(dimethylamino)-3-methylbutanoic
acid (633 mg, 4.36 mmol) in acetone (25 mlL) was added
TEA (1.02 mL, 7.29 mmol). The reaction was heated to 70°
C. for 5 h. The reaction was concentrated and redissolved 1n
DCM (5 mL), washed with NaHCO;,,,,, (5 mL) and brine (5
mL). The organic layer was dried over MgSO,,, filtered and
concentrated to get an o1l, which was purified on silica gel
column eluting with Hexane/EA (1/0 to 7/3) to afford 440
mg (67% vyield) of the title compound (90) as a white foam.
"H NMR (600 MHz, acetone-d,): 0.81-0.98 (m, 6H), 1.38-
1.63 (m, 3H), 1.70-1.88 (m, 3H), 1.95-2.02 (m, 2H), 2.27 (s,
6H), 2.35-2.54 (m, 2H), 2.62-2.76 (m, 2H), 3.05 (s, 3H),
3.17-3.34 (m, 1H), 6.78-6.84 (m, 1H), 7.04-7.12 (m, 1H)),
7.27-7.33 (m, 2H), 7.41-7.47 (m, 1H). LCMS (ESI): m/z
Calcd for [C,;H;;CIN, O ]" 452.21, found 452.59 [M]".

Example 91
Chemical Stability

Stock solutions of the test compounds were prepared in
acetonitrile or H,O 1n a final concentration of 1 mg/mlL.
One-hundred (100) uL stock solution was added to 900 uL
pH bufler or USP bufler (pH 3.0, pH 6.8, or pH 7.4). The
reaction was incubated at 37° C. At the desired timepoint (O,
1, and 4 h), a 2 ulL sample was obtained and analyzed by
UPLC (Waters CORTECS® UPLC, C18, 2.1x50 mm, 1.6
um). The temperature of the autosampler was 37° C. and the

temperature of the column was 30° C. The elution solvents
were H,O with 0.1% TFA as bufler A and 100% acetonitrile

as bufler B. The flow rate was 0.3 mlL/min. The UV
spectrum was analyzed by 220 nm.

Example 92
DMPK Procedures

Preparation of Test Article and Assay Stock Solutions:
Stock solutions of test compounds were prepared 1n acetoni-
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trile at 3 mM. Primary stock solutions were then diluted
10-fold 1n acetonaitrile to yield working stock solutions of 0.3
mM. The stock solutions were stored at -20° C.

S9 Stability Assay: Potassium phosphate bufler (100 mM,
pH 7.4) containing 3 mM MgCl, was pre-incubated in
triplicate with a test compound (3 M, final acetonitrile
concentration 0.1%) 1 a 37° C. incubator for 10 min. The
reaction was initiated by adding pre-warmed rat S9 (1.0
mg/mlL) i1n the presence of 2 mM NADPH. The final
incubation mixture volume was 200 ulL.. All reactions were
terminated using five volumes of extraction solvent at the
pre-defined time points (0 to 60 min). Aliquots of terminated
incubation mixtures were centrifuged at 20,000xg for 5 min.
The supernatants were analyzed with LC-MS/MS for the
amount of the test article remaining and ketamine formation.

Whole Blood Stability Assay: Test compounds were incu-
bated 1n 37° C. pre-warmed rat whole blood at 3 uM (final
acetonitrile concentration 1%) for up to 60 min at 37° C.
One-hundred 100 ul. aliquots of spiked sample solutions
were taken at pre-defined time points (0 to 60 min) post
incubation, and were immediately extracted by adding 5
volumes of extraction solvent and then centrifuged at
20,000xg for 5 min. The supernatant fractions were ana-
lyzed with LC-MS/MS {for the amount of the test compound
remaining and ketamine.

Whole blood stability of certain ketamine derivatives are
shown 1n Table 1.

TABLE 1

Whole blood stability.

Mouse Rat Dog Monkey Human

Ket Ket Ket Ket Ket
Compound (%) (%) (%) (%) (%)
S-ketamine 100 100 100 100 100
1 — 1 45.71 — — —
3 67.47 74.92 82.14 75.11 74.11
6 122.5% 84,28 2.29 12.88 2.56
7 — 73.83 — — —
9 — 65.17 — — —
12 78.13 — — — —
14 119.76 — 33.52 60.11 —
16 14%.7% — — 34.25 28.38
18 150.78 — — 55.26 —
19 136.03 — — 74.36 —
20 08.97 — — — —
21 125.27 — — — —
22 107.83 82.55 7.86 62.86 15.47
24 117.55 — — — —
26 101.54 — — — —
27 187.52 94,75 99.25 116.7 61.69
28 110.63 101.22 — — —
29 113.11 85.49 86.32 7788 90.77
32 117.02 — 41.62 — 65.5
35 143.7 — — — —
36 134.67 — — — —
37 141.89 — — — —
39 HCL 20.18 6.48% 5.38 — 7.46
39 (R) — — — — 13.59
54 74.88 87.68 Q.87 — 8.83
55 106.77 96.75 10.79 — 83.63
60 — — — — 40,98

. Not measured.

Vehicles Used 1n PK Studies: The vehicles listed 1n Table
2 were used 1n the pharmacokinetic studies.
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TABLE 2

PK vehicle compositions.

Vehicle Components
Fl 20% HPPCD in DI water
F2 0.5% methylcellulose and 0.1% (v/v) Tween 80 in DI water
F3 2% PEG 400 and 20% HPPCD in saline
F4 2% DMA, 10% Glycerol, and 10% HPPCD in normal saline

DMA: Dimethylacetamide; DI water: Deiomzed water; HPRCD: (2-hydroxypropyl)-p-

cyclodextrin; PEG: Polyethylene glycol.

Dose formulation analysis: A reversed phase liquid chro-
matography (RP-UPLC) method was developed for moni-
toring prodrugs of ketamine. Chromatographic separation
was performed on a XDB-C18 column (1.8 um, 4.6x50 mm,
Agilent), using a gradient elution procedure. The solvent
system consisted of solvent A (water) and solvent B (ac-
ctonitrile). Solvent B was delivered imitially at 25%, held for
0.5 min, and increased to 60% via a 22 min gradient, and
increased to 100% via a 0.5 min gradient, and then held for
3 min. The column was re-equilibrated for 3 min using the
initial mobile phase composition (25% solvent B). The
entire gradient-equilibration cycle required 30 min {for
completion. Linear gradient elution mode with a tlow rate of
0.6 m/min was used, and the injection volume was 10 ulL.
The column temperature was maintained at 30° C. and the
cluted compounds were monitored at a wavelength of 215
nm. UPLC data were acquired and the chromatograms were
integrated using Empower 3 Software.

In vivo Mouse/Rat PK Studies: Pharmacokinetic profiles
of the test compounds were evaluated 1n mice and rats
following (S-ketamine) or oral (S-ketamine or prodrugs)
administration. The oral dose level was 5 mol’kg to 160
mol/kg administered at a volume of 10 ml/kg. Blood
samples were collected from the facial veins using hepari-
nated tubes at pre-dose and 0.05,0.17,0.5, 1, 2, 3, 4, 6, and
8 hours post-dose following intravenous administration, and
withdrawn at pre-dose and 0.17, 0.5, 1, 2, 3, 4, 3, 6, and 8
hours post-dose following oral administration. In each
mouse PK study, mice were sub-grouped for a sparse
sampling strategy. Each mouse provided two blood samples
at different collection times. Blood samples were collected
from alternating groups of three mice per time point. To
prevent compound degradation, drawn blood samples were
immediately mixed 1n a ratio of 1:3 (v/v) with acetonitrile
(containing 0.1% formic acid). The de-proteinized samples
were temporarily held 1n 1ce following by storing at —70° C.
before bioanalysis. The concentrations ol analytes in the
blood were determined by LC-MS/MS.

In vivo Dog PK Studies: Three male Beagle dogs were
housed individually. Dogs 1n the oral administration groups
were fasted overnight before treatment but with free access
to water. Dogs 1n the IV groups had free access to food and
water. For S-ketamine HCI salt, a single dose of 3.75 mol/kg
was administered to each dog via intravenous (IV) admin-
istration. The vehicle used for S-ketamine HCI salt was
saline. For other test compounds, a single dose of each test
compound was administered to each dog via oral gavage
(n=3/group). The vehicles used for dosing the test com-
pounds were dependent on the properties of the test com-
pound. Blood samples were collected at specified time-
points (pre-dose, 10 min, 30 min, 1 h, 2 h,3 h,4 h, S h, 6
h, 8 h, post-dose) following administration to individual
dogs within IV and PO group. To prevent compound deg-
radation, drawn blood samples were immediately mixed in
a ratio of 1:3 (v/v) with acetonitrile (containing 0.1% formic
acid). The de-proteinized samples were temporarily held 1n
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ice Tollowing by storing at —70° C. before bioanalysis. The
concentrations of analytes 1n the blood were determined by
LC-MS/MS. Various pharmacokinetic parameters were cal-
culated using Phoenix™ WinNonlin® software. To quantily
the bioconversion efliciency of the test compounds in the
circulation system, the biocavailability of S-ketamine after
PO administration was calculated.

In vivo Monkey PK studies: Three cynomolgus monkeys
(two males, one female) (Macaca fascicularis), from the
colony at the Laboratory Animal Center (LAC) of the
National Defense Medical Center (NDMC), were used in the
study. The mean age of the monkeys was 6 years with a
mean weight of 6.6 kg (6 kg to 7 kg). Pharmacokinetics of
S-ketamine and compound 3 were evaluated following an
intravenous admainistration of S-ketamine and oral adminis-
trations of S-ketamine and compound 3. Each treatment was
conducted at least 7 days washout between treatments. On
the day of the 1n vivo experiments, monkeys were sedated by
intramuscular injection of Alfaxan® (5 mg/kg) and Dexme-
detomidine® (10 mcg/kg). For intravenous administration,
the S-ketamine solution was administered as a bolus injec-
tion slowly via a cephalic vein at a dose of 3.2 mol/kg. The
dose volume administered was 0.5 ml/kg. For oral admin-
istration, S-ketamine or compound 3 was administered at 6.4
mol/kg via oral gavage. The dose volume administered was
1 mlL/kg. Monkeys 1n the intravenous treatment group had
free access to a laboratory diet, and monkeys in the oral
treatment group were fasted overnight prior to treatment and
2 1o 3 hours after administering the test compound. Drinking
water was supplied ad libitum during the study period. Serial
blood samples (0.35 ml/each) were collected from monkeys
through the saphenous vein. Collected blood samples were
placed into tubes containing heparin as the anticoagulant.
Blood samples of IV group were collected at pre-dose,
0.083, 0.5, 1, 1.5, 2, 3, 4, 6, 8, and 24 hr post-dose. For PO
group, blood samples were collected at pre-dose, 0.5, 1, 1.5,
2,3,4,5, 6,8, and 24 hr post-dose. To prevent compound
degradation, after being drawn from the monkeys 100 pL
blood samples were immediately mixed with 300 ul. of
acetonitrile (containing 0.1% formic acid) 1 a ratio of 1:3
(v/v). The de-proteinized samples were temporarily held 1n
ice following by storing at —70° C. before bioanalysis. The
concentrations of the analytes in blood were determined by

LC-MS/MS.
Bio-Analysis: Samples were monitored for parent com-

pound disappearance and ketamine formation in multi-
reaction monitoring (MRM) mode by LC-MS/MS system.
The mobile phase was performed at a constant tlow rate of
0.8 mL/min using a biary solvent system: Solvent A,
de-1onized water containing 0.1% formic acid, and Solvent
B, methanol containing 0.1% formic acid. MRM data were
acquired, and the chromatograms were integrated using
Quant Wizard of the version 1.5.2 software (Analyst Soft-
ware from ABI). A weighted (1/x or 1/x°) linear regression
was used to generate the calibration curve from standards
and to calculate the sample concentrations.
Pharmacokinetic Data Analysis: The pharmacokinetic
parameters were estimated for each subject using the Phoe-
nix™ WinNonlin program, version 6.3 (Phoenix WinNon-
11in© 2012, Pharsight Corporation, Mountain View, Calif.).
Non-compartmental analysis was performed to generate
parameter estimates. The terminal elimination rate constant
(A) was obtained, where possible, by linear regression of the
terminal elimination phase of a log-linear plot of the blood
concentration-time data. The criternia for Xacceptance were
regression of at least three time points from the terminal
elimination phase and r"<0.85. Half-life was defined as not
determined (ND) 1t the criteria could not be met. Nominal

time was used for t,,, and AUC calculations. The apparent
blood terminal elimination half-lite (t,,,) was calculated
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according to the following formula: ft,,.=In(2)/A. The
observed maximum blood concentration (C, ) and the time
to reach the maximum blood concentration (T, ) were
obtained by visual inspection of the experimental data. The
area under the blood concentration-time curve of ketamine
from time O to the Ilast measurable concentration
(AUC 1) Was determined by the linear trapezoidal
method. The area under the blood concentration-time curve
from time O to infinity (AUC,_,., was determined by
AUC (g 1450 FCras/ b 1 which C, . was the concentration
corresponding to the time point of last measurable concen-
tration (1, ).

Mean residence time (MRT) was obtained from the ratio

of (AUMC ,_,../AUC .. ), where AUMC, ., was the
arca under the first moment curve, which was equal to:

TLasr X CLasr + CLasr
A A2

A UMC(D—[&H) +

The apparent blood total clearance (CL) and the volume of
distribution at steady state (V_ ) were calculated according
to the following formula: CL=Dose;/AUC, .., and
V. =MRTxCL.

Pharmacokinetic parameters for ketamine and ketamine
derivatives in dogs 1s shown 1n Table 3.

TABLE 3

Summary of pharmacokinetic parameters of ketamine
and prodrugs 1n dogs.

C,...~2 AUC (0_1455)” 2

Compound Route (nM) (nM x hr) (%)

S-ketamine @ A% 669 244 -
3.75 ymol/kg

S-ketamine @ PO 9 17 1.8
15 pmol/kg

3! PO 54 55 5.6

6 PO 27 42 4.3

14 PO 3 5 0.5

22 PO 12 23 2.4

29 PO 12 9 0.9

39 HCI PO 33 46 4.7

39 (R) PO 8 9 0.9

60 PO 23 37 3.8

K etamine derivatives were dosed at 15 umol’kg.
“Measured and calculated based on the relative bioavailability with respect to S-ketamine.

3 Not measured.

Pharmacokinetic parameters for ketamine and ketamine
derivatives in monkeys 1s shown in Table 4.

TABLE 4

Summary of pharmacokinetic parameters of ketamine
and prodrugs in monkeys.

c,_ ! AUC(0-w)? F!

Compound Route (nM) (nM x hr) (%0)

S-Ketamine (@ IV 1199 2325 — 2
5 umol/kg

S-Ketamine @ PO 13 34 0.7
10 umol/kg

Compound 3 @ PO 23 115 2.5
10 umol/kg

"Measured and calculated based on S-ketamine; and the relative bioavailability.
2 Not measured.

Table 5 provides a summary of the oral bioavailability of
ketamine and certain ketamine derivatives in mice, rats,
dogs, and monkeys.
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TABLE 5

Summary of pharmacokinetic parameters of ketamine and ketamine
derivatives 1n different species.

Mouse F! Rat F! Dog F! Monkey F!
Compound (%) (%) (%) (%0)
S-ketamine 5.6 4.9 1.8 0.7
3 7.1 4.2 5.6 2.5
6 3.3 R.6 4.3 —
7 5.9 6.5 — —
8 1.2 — —
14 7.0 — 0.5 —
19 10.2 — — —
21 7.1 — — —
22 11.4 6.1 2. —
29 16.8 6.4 0.9 —
32 — 5.0 — —
34 11.8 — — —
35 7.5 — — —
36 — 8.3 — —
39 10.7 6.6 4.7 —
41 18.0 — — —
45 4.4 4.2 — —
49 8.7 — — —
50 6.0 — — —
51 6.5 — — —
53 12.8 — — —
57 — 6.6 — —
60 6.2 7.6 3.8 —

Measured and calculated based on the relative bioavailability with respect to S-ketamine.
% Not measured.

Finally, 1t should be noted that there are alternative ways
of implementing the embodiments disclosed herein. Accord-
ingly, the present embodiments are to be considered as
illustrative and not restrictive, and the claims are not to be
limited to the details given herein but may be modified
within the scope and equivalents thereof.

What 1s claimed 1s:

1. A method of treating a psychiatric disease or disorder
in a patient comprising administering to a patient in need of

such treatment, a therapeutically eflective amount of the
compound of Formula (1):

(1)

‘ X
Cl 7 O R! O
/\IL)J\O 0)‘\ R?

or a pharmaceutically acceptable salt thereof, wherein,
R' is selected from hydrogen and C, _, alkyl; and

R* is selected from a moiety of Formula (2) and a
moiety of Formula (4):

(2)
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wherein,

120

-continued

(4)
R? O

R” is selected from hydrogen and C,_. alkyl;

R* is selected

R> is selected -

rom hydrogen and C, _; alkyl;

tom C,_, alkyl and —C(—=O)—R"°,

wherein R'® is selected from C, . alkyl and

—CF5;

nis 1; and

R” is C,_, alkyl,

wherein the psychiatric disease or disorder 1s selected
from an alcohol use disorder, an anxiety disorder, an
obsessive-compulsive disorder, an opioid use disorder,
and a posttraumatic stress disorder.

2. The method of claim 1, wheremn administering com-
prises orally administering.

3. The method of claim 1, wherein the compound 1s the
(R)-1somer having the structure of Formula (1a):

(la)

4. The method of claim 1, wherein the compound 1s the
(S)-1somer having the structure of Formula (1b):

c1/ ~F R! O
IL).I\O)\O)J\ R

O

R
P

(1b)

O

5. The method of claim 1, wherein the compound 1s

selected trom:

1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl))(methyl)
carbamoyl)oxy)ethyl acetylglycinate (3):

)

Cl

{

O

M\OJ\OJL/%Y;

O
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(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyrylglycinate (34):

121

1-(({({S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)
carbamoyl)oxy)ethyl 2-(3-methyloxetan-3-yl)acetate

(6):

Cl : 0 0
NS ¢
10
N 0”0 ;

((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyryl-L-alamnate (335):

1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl) 15

carbamoyl)oxy)ethyl acetyl-L-alaninate (7):

\ \
20) ‘

CRAAAY

1-((({S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)
carbamoyl)oxy)ethyl 1sobutyrylglycinate (19):

C

O O
N O O ;
O

O

((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 1sobutyryl-L-valinate (36):
30

9
o / 0 0 s Cl 0 0
N O O : N O O :
O O O O
40
(S)];(((l '(12 -chlor Olilﬁelllyl) '3 -ogiocyfﬁoilexil)(n;eﬂ}yl)C:itlr; 1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)
; ;‘;;?y Joxy)methy -(3-methyloxetan-3-yl)acetate carbamoyl)oxy)ethyl N-acetyl-N-methylglycinate (41):
45 NN

A

50

LA

O O

1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl )(methyl)
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car- carbamoyl)oxy)propyl (2,2,2-trifluoroacetyl)glycinate

bamoyl)oxy)methyl acetyl-L-valinate (32): (49):
‘ N ) PN
~ _
. : ‘ji\ O H Cl/\E/ i d i
: P N ; = )J\ )J\/ﬁ CF3;
i:KN 0 OJ:E \’( IL N Y 3
0 O 05
O O
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1-(({({S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)
carbamoyl)oxy)methyl (2,2,2-trifluoroacetyl)-L-alani-
nate (50):

5
Cl : 0 0
P b o
N o0 N0 T 3
O O
15
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl }(methyl )
carbamoyl)oxy)-2-methylpropyl (2,2,2-trifluoroacetyl)
glycinate (51):
20
»
Cl
@ \)‘\I)‘\/ ’
30
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl }(methyl )
carbamoyl)oxy)ethyl  (2,2,2-trifluoroacetyl)-L-alani-
35
nate (53):
40
»
a1 / 0
L :
N \[(
O
50
1-((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl }(methyl )
carbamoyl)oxy)ethyl acetyl-L-soleucinate (57):
55
60
63

124
((((S)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl acetyl-L-alloisoleucinate (60): and

X

O O
PY g
N O/\O j“/,
O

O

or a pharmaceutically acceptable salt of any of the fore-
go1ng.

6. The method of claim 1, wherein,

R*' is selected from hydrogen and methyl;

R” is a moiety of Formula (2);

R” is selected from hydrogen and C,_, alkyl;

R* is selected from hydrogen and methyl; and

R> is —C(—0)—R"'", wherein R'® is selected from
methyl and —CF,.

7. The method of claim 1, wherein,

R' is selected from hydrogen and methy];

R? is a moiety of Formula (4); and

R” is methyl.

8. The method of claim 1, wherein, following adminis-
tration, the compound provides a therapeutically effective
amount ol (S)-ketamine 1n the patient’s blood for treating

the psychiatric disease or disorder.

9. The method of claim 1, wherein the compound 1s
(S)-(((1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl 2-(3-methyloxetan-3-yl)acetate (22) or
a pharmaceutically acceptable salt thereof:

10. The method of claim 1, wherein the compound 1s
2-(3-methyloxetan-3-yl)acetoyloxy)methyl (R)-1-(2-chloro-
phenyl)-2-oxocyclohexylmethylcarbamate (66) or a phar-
maceutically acceptable salt thereof:

11. The method of claim 1, wherein the compound 1s
((((5)-1-(2-chlorophenyl)-2-oxocyclohexyl)(methyl)car-
bamoyl)oxy)methyl dimethyl-L-valinate (39) or a pharma-
ceutically acceptable salt thereof:
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12. The method of claim 1, wherein the compound has the

structure of Formula (1a);

(la)
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or a pharmaceutically acceptable salt thereof, wherein,
R' is hydrogen;

R* is a moiety of Formula (2);

R is isopropyl and the carbon atom to which R’ is
bonded 1s 1n the (S) configuration; and

each of R* and R” is methyl.

13. The method of claim 1, wherein administering com-
prises administering a pharmaceutical composition compris-
ing the compound of Formula (1) or a pharmaceutically
acceptable salt thereof.

14. The method of claim 1, wherein the psychiatric
disease or disorder 1s an alcohol use disorder.

15. The method of claim 1, wherein the psychiatric
disease or disorder 1s an obsessive compulsive disorder.

16. The method of claim 1, wherein the psychiatric
disease or disorder 1s an opioid use disorder.

17. The method of claim 1, wherein the psychiatric
disease or disorder 1s an anxiety disorder.

18. The method of claim 1, wherein the psychiatric
disease or disorder 1s a post-traumatic stress disorder.
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